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espacio	 químico	 con	 la	 finalidad	 de	 identificar	 nuevas	 entidades	 químicas	 bioactivas	
que	sirvan	como	base	para	el	desarrollo	de	nuevos	fármacos.	Esta	exploración	require	
nuevos	 procesos	 sintéticos,	 siendo	 de	 especial	 importancia	 los	 que	 permiten	 la	
construcción	de	varios	enlaces	en	una	misma	operación	sintética,	como	las	reacciones	
multicomponente.		
La	 síntesis	 orientada	 a	 diversidad	 (Diversity-Oriented	 Synthesis,	 DOS)	 es	 una	
aproximación	 relativamente	 reciente	 a	 la	 identificación	 de	 moléculas	 orgánicas	
bioactivas,	 diseñada	 para	 explorer	 regiones	 amplias	 del	 espacio	 químico.	 Pone	 el	
énfasis	en	la	generación	de	esqueletos	variados,	dando	lugar	a	moléculas	con	variedad	
de	formas	tridimensionales.	No	está	dirigida	a	la	obtención	de	moleculas	específicas,	y	
las	 quimiotecas	 derivadas	 de	 DOS	 se	 utilizan	 sobre	 todo	 para	 la	 identificación	 de	
nuevos	 ligandos	 (hit)	 para	 dianas	 biológicas	 a	 través	 de	 técnicas	 de	 cribado	 de	 alto	





compuestos	 de	 artida	 que	 contengan	 grupos	 funcionales	 que	 permitan	 los	 pasos	
posteriores.	En	la	etapa	de	acoplamiento	(couple)	se	construye	una	estructura	central,	
idealmente	por	medio	de	una	reacción	multicomponente,	y	finalmente	en	la	etapa	de	





Esta	 tesis	 se	basa	en	el	 empleo	del	pirrol,	una	estructura	privilegiada	bien	 conocida,	
como	núcleo	central	 sobre	el	que	construir	una	 serie	de	quimiotecas	basadas	en	 los	
principios	 de	 la	 síntesis	 orientada	 a	 diversidad	 mediante	 la	 aproximación	
build/couple/pair.	Sus	objetivos	concretos	son:	
1.	 Adaptación	 de	 una	 reacción	 mecanoquímica	 multicomponente	 previamente	
desarrollada	por	nuestro	grupo	a	la	síntesis	de	derivados	de	pirrol	portadores	en	sus	
posiciones	N-1,	C-2	 y	C-5	de	grupos	 funcionales	 adecuados	para	 la	 generación	de	
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2.		Síntesis	 de	 derivados	 de	 pirrol	 fusionados	 basada	 en	 reacciones	 catalizadas	 por	




b) Síntesis	 de	 esqueletos	 de	 pirrolo[2,1-a]isoquinolina	 and	 benzo[c]pirrolo[1,2-
a]azepina	por	medio	de	reacciones	de	Heck	intramoleculares.	
c) Síntesis	 de	 esqueletos	 de	 pirrolo[1,2-a]azepina	 and	 pirrolo[1,2-a]azocina	 por	
metátesis	con	cierre	de	anillo.	
3.	 Síntesis	 de	 esqueletos	 de	 pirrolo[2,1-a]isoindol	 y	 pirrolo[2,1-a]isoquinolina	 por	
medio	de	reacciones	de	Diels-Alder	intramoleculares.	
4.	 Investigación	 de	 procesos	 de	 anelación	 en	 sustratos	 pirrólicos	 mediada	 por	 la	
generación	de	intermedios	de	oxonio,	con	las	siguientes	posibilidades:	
a) Ciclación	 del	 sistema	 de	 oxonio	 sobre	 un	 grupo	 arilo	 en	 C-5,	 utilizando	 una	
transformación	 relacionada	 con	 la	 síntesis	 de	 Pommeranz-Fritsch	 de	
isoquinolinas.	
b) Ciclación	 del	 sistema	 de	 oxonio	 sobre	 un	 metileno	 activo	 situado	 en	 C-2	 y	
vecino	a	un	éster,	mediante	la	transformación	de	dicha	función	en	un	acetal	de	
cetena.		
5.	 Síntesis	 de	macrociclos	 basada	 en	 reacciones	 de	metátesis	 con	 cierre	 de	 anillo	 a	
partir	de	bis-pirroles	simétricos.		
6.	 Síntesis	de	anillos	de	tamaño	medio	por	metátesis	de	cierre	de	anillo.	Los	pirroles	






de	 cribado	 de	 alto	 rendimiento,	 a	 través	 del	 programa	Open	 Innovation	 in	 Drug	
Discovery	(OIDD)	de	Lilly.	




1. La	 capacidad	de	 sintetizar	pirroles	de	partida	portadores	de	determinados	grupos	
funcionales	en	las	posiciones	N-1,	C-2	y	C-5	de	derivados	de	pirrol	era	crucial	para	el	
desarrollo	de	nuestro	proyecto.	Por	tanto,	fue	necesario	verificar	la	adecuación	de	
una	 síntesis	 mecanoquímica	 multicomponente	 de	 pirroles	 previamente	
desarrollada	 por	 nuestro	 grupo	 para	 esta	 finalidad.	 Aunque	 la	 introducción	 de	
algunos	 de	 los	 sustituyentes	 planificados	 podía	 ser	 en	 principio	 problemática	 por	
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diversas	razones,	como	impedimento	estérico	en	el	caso	de	grupos	5-(o-iodometilo)	
o	baja	estabilidad	potencial	de	anillos	de	furano	o	grupos	acetal	en	las	condiciones	
de	 reacción.	 Sin	 embargo,	 no	 se	 dieron	 problemas	 significativos	 gracias	 a	 la	
suavidad	 de	 nuestro	 método	 y	 los	 derivados	 de	 pirrol	 deseados	 pudieron	
prepararse.		
2. Se	 sintetizaron	 varios	 esqueletos	 heterocíclicos	 poco	 habituales	 a	 partir	 de	
precursores	 pirrólicos	 utilizando	 reacciones	 catalizadas	 por	metales	 de	 transición.	
Concretamente,	se	implementaron	con	éxito	los	siguientes	procesos:	(a)	Síntesis	de	
of	 pirrolo[1,2-c]quinazolinas	 por	 medio	 de	 un	 proceso	 domino	 iniciado	 por	 una	








de	 una	 cadena	 unida	 al	 nitrógeno	 permite	 generar	 intermedios	 de	 oxonio	 por	
tratamiento	 con	 ácidos	de	Brønsted	o	 Lewis.	 Estos	 intermedios	permitieron	 crear	
pirroles	 fusionados	mediante	procesos	de	ciclación	sobre	sustituyentes	adecuados	
presents	en	las	posiciones	C-2	o	C-5,	proporcionando,	respectivamente,	esqueletos	




de	 las	 siguientes	 estrategias:	 (a)	 Síntesis	 de	macrociclos	 basada	 en	 reacciones	 de	
metátesis	con	cierre	de	anillo,	empleando	como	materiales	de	partida	bis-pirroles	
simétricos	 en	 los	 que	 cada	 anillo	 de	 pirrol	 es	 portador	 de	 un	 sustituyente	
homoalílico.	 (b)	 Síntesis	 de	 anillos	 de	 tamaño	medio	 derivados	 del	 esqueleto	 de	
pirrolo[1,2-a][1,5]diazonina	 por	 metátesis	 con	 cierre	 de	 anillo.	 (c)	 Macrociclación	
multicomponente	en	una	 sola	etapa	por	medio	de	 reacciones	de	Hantzch	dobles,	
actuando	una	de	ellas	como	la	etapan	de	cierre	del	macrociclo.		
6. Las	 quimiotecas	 obtenidas	 se	 estudiaron	 por	 metodologías	 de	 cribado	 de	 alto	
rendimiento	 gracias	 a	 una	 colaboración	 con	 Lilly	 a	 través	 del	 programa	 Open	
Innovation	in	Drug	Discovery	(OIDD).		
7. Finalmente,	como	parte	de	los	requisitos	para	optar	a	la	mención	internacional	de	
la	 tesis	 doctoral,	 llevé	 a	 cabo	 una	 estancia	 de	 tres	 meses	 en	 el	 laboratoriuo	 del	
profesor	Steven	Ley	en	el	Department	of	Química	de	la	Universidad	de	Cambridge,	
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4.	Conclusiones	
Los	 principales	 esqueletos	 moleculares	 generados	 en	 esta	 tesis	 se	 resumen	 a	
continuación.	 Para	 su	 construcción	 ha	 sido	 necesario	 el	 desarrollo	 de	 nueva	
metodologia	 sintética,	 y	 su	 estudio	 por	 técnicas	 de	 cribado	 de	 alto	 rendimiento	 ha	












































































































































































































a	 single	 operation.	 In	 this	 connection,	 the	 MCR	 chemical	 space,	 defined	 as	 the	
ensemble	of	all	possible	molecules	that	can	be	obtained	by	multicomponent	synthetic	
processes,	is	of	particular	interest.	
Diversity-Oriented	Synthesis	 (DOS)	 is	a	 recent	approach	 to	 the	 identification	of	 small	





One	 of	 the	 most	 effective	 strategies	 for	 the	 fast	 generation	 of	 diverse	 molecular	
libraries	 endowed	with	molecular	diversity	 and	 complexity	 is	 the	 “build/couple/pair”	
strategy,	where	the	build	step	involves	synthesizing	or	purchasing	building	blocks	that	
contain	suitable	functionality	for	the	subsequent	steps.	In	the	couple	step,	the	desired	
structural	 core	 is	 constructed,	 ideally	 using	 a	 multicomponent	 reaction	 that	 is	
compatible	 with	 the	 presence	 of	 the	 functional	 groups	 needed	 for	 the	 complexity-




This	 thesis	 is	 based	 on	 the	 use	 of	 pyrrole,	 a	well-known	 privileged	 structure,	 as	 the	
central	 core	 on	which	 to	 build	 a	 variety	 of	 DOS	 libraries	 using	 the	build-couple-pair	
approach.	More	specifically,	the	objectives	that	have	been	pursued	are:	
1.	 Adaptation	 of	 a	 known,	 in	 house-developed	 mechanochemical	 multicomponent	
reaction	 to	 the	 preparation	 of	 pyrrole	 derivatives	 bearing	 functional	 groups	 that	
allow	 suitable	 complexity-generating	 reactions	 at	 the	 pair	 stage	 at	 their	 N-1,	 C-2	





a) Synthesis	 of	 pyrrolo[1,2-c]quinazolines	 by	 combination	 of	 C-arylation	 and	
N-arylation	cross-coupling	processes.	
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c) Synthesis	of	pyrrolo[1,2-a]azepine	and	pyrrolo[1,2-a]azocine	frameworks	by	
ring-closing	metathesis.	
3.	 Synthesis	 of	 pyrrolo[2,1-a]isoindole	 and	 pyrrolo[2,1-a]isoquinoline	 frameworks	 by	
intramolecular	Diels-Alder	reactions.	
4.	 Investigation	 of	 ring-formation	 processes	 on	 pyrrole-derived	 substrates	 via	 the	
generation	of	oxonium	intermediates.	Two	possibilities	were	studied:	





5.	 Synthesis	 of	 macrocycles	 based	 on	 ring-closing	 metathesis	 reactions,	 using	 as	
starting	materials	symmetrical	bis-pyrrole	derivatives.	
6.	 Synthesis	 of	 diaza	 medium-sized	 rings	 by	 ring-closing	 metathesis.	 The	 starting	
pyrroles	 would	 be	 constructed	 by	 the	 Hantzsch	 method	 from	 β,δ-




8.		Study	 of	 the	 libraries	 synthesized	 by	 the	 above	 methods	 using	 high-throughput	
screening	 methodologies.	 These	 studies	 were	 performed	 thanks	 to	 our	
collaboration	with	the	Lilly	Open	Innovation	in	Drug	Discovery	(OIDD)	program.	




1. The	 ability	 to	 synthesize	 starting	 pyrroles	 bearing	 suitable	 functionalities	 was	
crucial	to	the	success	of	our	DOS	project.	Therefore,	we	needed	to	verify	whether	
the	mechanochemical	multicomponent	pyrrole	synthesis	previously	developed	by	






In	 the	 event,	 these	 concerns	 proved	 to	 be	 largely	 unfounded	 thanks	 to	 the	
mildness	 of	 our	method	 and	 the	 usual	 reaction	 conditions	 of	 our	method	 gave	
good	results,	allowing	the	preparation	of	a	large	library	of	starting	pyrroles.	
2. A	 number	 of	 unusual	 fused	 pyrrole	 heterocyclic	 frameworks	were	 synthesisized	
from	 suitable	 pyrrole	 precursors	 using	 transition	 metal-catalyzed	 reactions.	 In	
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particular,	the	following	processes	were	successfully	implemented:	(a)	Synthesis	of	
pyrrolo[1,2-c]quinazolines	 by	 an	 Ullmann	 coupling-initiated	 domino	 process.	 (b)	
Synthesis	 of	 pyrrolo[2,1-a]isoquinoline	 and	 benzo[c]pyrrolo[1,2-a]azepine	
frameworks	by	ring-closing	Heck	reactions.	(c)	Synthesis	of	pyrrolo[1,2-a]azepines	
and	pyrrolo[1,2-a]azocines	by	ring-closing	metathesis.	
3. 5,6-Dihydropyrrolo[2,1-a]isoquinoline	 and	 pyrrolo[2,1-a]isoindole	 frameworks	




by	 treatment	 with	 Brønsted	 or	 Lewis	 acids.	 These	 intermediates	 were	 suitable	
substrates	 for	 ring-creation	 processes	 leading	 to	 fused	 pyrrole	 systems	 by	
cyclization	onto	the	C-2	or	C-5	substituents,	leading	respectively,	to	pyrrolizine	and	
related	frameworks	or	pyrrolo[2,1-a]isoquinoline	and	related	frameworks.	
5. The	 synthesis	 of	 pyrrole-based	 macrocyclic	 structures	 was	 also	 investigated.	 In	
particular,	 the	 following	 strategies	 were	 successfully	 explored:	 (a)	 Synthesis	 of	
macrocycles	based	on	ring-closing	metathesis	reactions,	using	as	starting	materials	
symmetrical	 bis-pyrrole	 derivatives	 where	 each	 of	 the	 pyrrole	 rings	 bears	 an	
homoallyl	chain.	(b)	Synthesis	of	pyrrole-derived	medium-sized	rings	derived	from	
the	 pyrrolo[1,2-a][1,5]diazonine	 framework	 by	 ring-closing	 metathesis.	 (c)	 One-
pot	multicomponent	macrocyclization	 application	of	 a	one-pot	process	 involving	
two	Hantzch	pyrrole	syntheses,	one	of	which	acts	as	the	macrocyclization	event.		
6. The	 DOS	 libraries	 obtained	 were	 studied	 by	 high-throughput	 screening	
methodologies,	 in	collaboration	with	the	Lilly	Open	 Innovation	 in	Drug	Discovery	
(OIDD)	program.		
7. Finally,	as	part	of	the	requirements	for	the	International	Ph	D	Label,	I	carried	out	a	
three-month	 stay	 at	 the	 group	 of	 Professor	 Steven	 Ley	 at	 the	 Department	 of	
Chemistry,	 Cambridge	 University,	 working	 on	 the	 use	 of	 photochemical	




The	 main	 frameworks	 whose	 synthesis	 is	 described	 in	 this	 thesis	 are	 summarized	
below.	 Some	 new	 synthetic	 methodology	 was	 discovered	 in	 the	 course	 of	 this	
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applications	 of	 1,4-diazepines	 obtained	 by	 a	 domino	 process	 involving	 the	 in	 situ	

















them	 to	 uncover	 new	 therapeutic	 targets. 1 	Chemical	 space	 spans	 all	 organic	
compounds	having	certain	pre-defined	properties.	In	the	field	of	drug	discovery,	some	
of	 these	 parameters	 are	 lipophilicity,	 polarizability,	 molecular	 weight,	 etc.	 Chemical	
space	is	truly	astronomic	in	size,	and	it	has	been	estimated	that	the	number	of	existing	
organic	molecules	built	from	the	elements	normally	associated	with	life	(C,	H,	N,	S,	O),	
chemically	 stable	 and	with	 certain	drug	 like	properties	 (e.g.	molecular	weight	 below	
500	Daltons)	is	over	1063,2	a	mind-boggling	number	that	is	impossible	to	conceive	and	




the	 number	 of	 all	 possible	 proteic	 structures	 has	 been	 estimated	 to	 be	 20300,3	the	
human	proteome	comprises	only	about	250,000	proteins.	
The	exploration	of	 chemical	 space	 requires	new	synthetic	processes,	 ideally	allowing	




it	with	 Target-Oriented	 Synthesis	 (TOS)	 and	 combinatorial	 synthesis.	 Regarding	 TOS,	
the	identification	and	characterization	of	natural	bioactive	entities	is	usually	followed	
by	their	total	synthesis,	which	is	normally	designed	using	the	retrosynthetic	approach.	











2004	 ,432,	 855.	 (d)	Abdelraheem,	E.	M.	M.;	Camacho,	C.	 J.;	Dömling,	A.	Expert	Opin.	Drug	Discov.	








Combinatorial	 chemistry	has	been	widely	employed	 to	prepare	chemical	 libraries	via	
the	 generation	 of	 structural	 diversity	 by	 modification	 of	 functional	 groups	 and	
substituents	around	a	single	skeleton.	It	leads	to	the	exploration	of	only	a	small	region	
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shapes.5	It	is	not	directed	at	a	specific	biological	target	and	DOS	libraries	are	used	for	
the	fast	high-throughput	identification	of	new	ligands	for	varied	targets	in	an	effort	to	
locate	 hit	 compounds	 in	medicinal	 chemistry	 and	 chemical	 biology.6	Because	 in	DOS	
there	 is	 no	 target	 molecule,	 the	 synthetic	 planning	 is	 prospective	 rather	 than	
retrosynthetic,	 proceeding	 from	 building	 blocks	 to	 to	 products.7 ,8 , 9 	The	 stringent	
characteristics	of	DOS	in	terms	of	synthetic	efficiency	have	been	a	driving	force	for	the	






One	 of	 the	 most	 effective	 strategies	 for	 the	 fast	 generation	 of	 diverse	 molecular	
libraries	 endowed	with	molecular	diversity	 and	 complexity	 is	 the	 “build/couple/pair”																																																									
5	 For	a	monograph,	 see:	 Trabocchi,	A.;	 (ed.).	Diversity-Oriented	Synthesis.	Basics	and	Applications	 in	
Organic	Synthesis,	Drug	Discovery,	and	Chemical	Biology.	John	Wiley	&	Sons,	Hoboken,	2013.		
6	 (a)	Galloway,	W.	R.	J.	D.;	Isidro-Llobet,	A.;	Spring,	R.	D.	Nat.	Comm.,	2010,	80.	(b)	O’Connell,	K.	M.	G.;	
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strategy,10	first	proposed	by	Schreiber	in	200811	and	that	is	increasingly	employed	as	a	




structural	 core	 is	 constructed,	 ideally	 using	 a	 multicomponent	 reaction	 that	 is	
compatible	 with	 the	 presence	 of	 the	 functional	 groups	 needed	 for	 the	 complexity-
generating	event	 in	 the	 final	phase.	 Finally,	 in	 the	pair	 step,	 these	 functional	 groups	









generation	of	a	diverse	 library	of	bicyclic	derivatives.	 In	the	build	stage,	compounds	 I	
and	II	were	obtained	from	proline,	following	a	literature	procedure.	In	the	couple	stage	
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coupling	 the	 amino	 group	 to	 generate	 intermediates	 III.	 The	 substituents	 thus	
introduced	 can	 undergo	 the	 final	 pair	 step	 to	 generate	 final	 bicyclic	 structures	 IV	
mostly	via	Ring	Closing	Metathesis	reactions	(Figure	1.5).	This	article	contains	also	an	









even	attempt	 its	 full	 exploration,	a	 recent	 trend	 is	 to	direct	 the	construction	of	DOS	
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1.2.	Multicomponent	Mechanochemical	Synthesis		
This	 thesis	 is	 based	 on	 the	 use	 of	 a	 mechanochemical,	 generalized	 version	 of	 the	
multicomponent	Hantzsch	pyrrole	synthesis	as	the	couple	phase	of	a	build-couple-pair	
protocol	 for	 the	 generation	 of	 molecular	 diversity	 and	 complexity.	 In	 this	 Section,	
some	 background	 will	 be	 given	 on	 multicomponent	 reactions,	 mechanochemical	
synthesis	and	their	combined	use.	
	
Modern	 organic	 synthesis,	 besides	 being	 driven	 by	 the	 classical	 principles	 of	 regio-,	

































• Several	 bonds	 are	 generated	 in	 a	 single	 operation,	 which	 represents	 a	more	
effective	synthetic	strategy	if	compared	with	classical	multi-step	synthesis.20	
• Because	 intermediates	 are	 not	 isolated,	 the	 number	 of	 isolation	 and	







reactions	 are	 widely	 employed	 in	 organic	 synthesis,	 mostly	 in	 the	 generation	 of	
peptides	or	peptide	mimics.	Due	to	the	high	reactivity	of	the	isocyanide	group,	whose	
carbon	 atom	 can	 act	 as	 both	 a	 nucleophile	 of	 an	 electrophile,	 they	 show	 a	 very	
versatile	nature.	The	 first	MCRs	using	 isocyanide	are	 the	Passerini	 (3CR)	and	 the	Ugi	
(4CR)	 reactions,	 described	 for	 the	 first	 time	 in	 1921	 and	1959,	 respectively	 (Scheme	
1.2).24																																																									


































The	 widespread	 application	 of	 multicomponent	 reactions	 in	 medicinal	 chemistry	 is	
relatively	recent.	Their	importance	and	relevance	in	drug	discovery	programs	and	the	
lead	 identification	process	 can	be	 correlated	 to	 their	 ability	 to	 generate	diverse	 and	
complex	 molecular	 libraries, 25 , 26 , 27 	both	 in	 combinatorial	 and	 diversity-oriented	




25	 (a)	 Orru,	 R.	 V.	 A.;	 de	 Greef,	 M.	 Synthesis	 2003,	 1471;	 (b)	 Tejedor,	 D.;	 González-Cruz,	 D.;	 Santos-
Exposito,	 A.;	Marrero-Tellado,	 J.	 J.;	 de	 Armas,	 P.;	 García-Tellado,	 F.	Chem.	 Eur.	 J.	 2005,	 11,	 3502;	
Some	 reviews	 on	 multicomponent	 reactions	 for	 the	 generation	 of	 molecular	 complexity	 and	
diversity:	 (a)	 Biggs-Houck,	 J.	 E.;	 Younai,	 A.;	 Shaw,	 J.	 T.	 Curr.	 Opin.	 Chem.	 Biol.	 2010,	 14,	 371;	 (b)	
Eckert,	H.	Molecules	2012,	17,	1074;	(c)	van	der	Heijden,	G.;	Ruijter,	E.;	Orru,	R.	V.	A.	Synlett	2013,	
24,	 666;	 (d)	 Brauch,	 S.;	 van	 Berkel,	 S.	 S.;	 Westermann,	 B.	 Chem.	 Soc.	 Rev.	 2013,	 42,	 4948.	 (e)	







Strecker reaction - 1850
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common,	 mostly	 because	 more	 than	 60%	 of	 drugs	 and	 agrochemicals	 are	
heterocycles.28,29		
The	 IUPAC	 Compendium	 of	 Chemical	 Technology	 (“gold	 book”)	 defines	
mechanochemical	 reactions	as	 those	 induced	by	 the	direct	absorption	of	mechanical	
energy,	which	may	come	from	shear,	friction	or	compression	associated	to	grinding	or	
milling	processes.	While	ball	milling	has	been	widely	employed	 in	 industry	 to	 reduce	
particle	size	during	the	manufacturing	of	paints,	drugs	and	some	other	products,30	the	
use	of	mechanical	energy	 in	organic	synthesis	has	been	historically	almost	negligible.	
Nevertheless,	 in	 recent	 times	 the	 synthetic	 community	 is	 slowly	becoming	acquitted	
with	this	technique.	31		
Mechanochemical	activation	 is	 relevant	 in	 the	context	of	green	chemistry	because	 it	
allows	solvent-free	conditions	and,	in	most	cases,	room	temperature	processes.	Thus,	
a	 reduction	 is	 achieved	 of	 the	 use	 of	 volatile	 organic	 solvents,	 which	 represent	 the	











Asian	 J.	2010,	5,	 2318;	 (f)	 Estévez,	 V.;	 Villacampa,	M.;	Menéndez,	 J.	 C.	Chem.	 Soc.	 Rev.	2010,	39,	
4402.	 (g)	Estévez,	V.;	Villacampa,	M.;	Menéndez,	 J.	C.	Chem.	Soc.	Rev.	2014,	43,	4633;	 (h)	Khan,	 I.;	





A.;	 Szuppa,	 T.S.;	 Leonhardt,	 E.	 S.;	 Ondruschka,	 B.	 Chem.	 Soc.	 Rev.	 2011,	 40,	 2317.	 (c)	 Stolle,	 A.;	
Ondruschka,	B.;	Krebs,	A.;	Bolm,	C.	Catalyzed	Organic	Reactions	in	Ball	Mills,	in	P.	G.	Andersson	(Ed.),	





Claramunt,	 R.	 M.;	 López,	 C.;	 Sanz,	 D.;	 Elguero,	 J.	 Adv.	 Heterocycl.	 Chem.	 2014,	 112,	 117.	 (h)	
Hernández,	 J.	 G.;	 Vila-Ortiz,	 C.	 G.;	 Juaristi,	 E.	 in	 Comprehensive	Organic	 Synthesis,	 Vol.	 9,	 2nd	 ed.,	
(Eds.	 G.A.	 Molander,	 P.	 Knochel),	 Elsevier,	 Oxford,	 2014,	 p.	 287.	 (i)	 Hernández,	 J.	 G.;	 Friščić,	 T.	
Tetrahedron	Lett.	2015,	56,	4253.	(j)	Do,	J.	L.;	Friščić,	T.	ACS	Cent.	Sci.	2017,	3,	13.	(k)	Achar,	T.	K.;	A.	
Bose,	A.;	Mal,	P.	Beilstein	J.	Org.	Chem.	2017,	13,	1907.	(l)	Tan,	D.;	Friščić,	T.	Eur.	J.	Org.	Chem.	2017,	
18.	 (m)	 D.	 Margetić	 and	 V.	 Štrukil	 (Eds.),	Mechanochemical	 organic	 synthesis.	 Elsevier,	 2016.	 (n)	
Hernández,	J.	C.	Beilstein	J.	Org.	Chem.,	2017,	13,	2372.		(o)	Andersen,	J.;	Mack,	J.	Green	Chem.	2018,	
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The	first	mechanochemical	reaction	known	in	the	literature	was	achieved	by	grinding	
reactants	 together	 with	 a	 mortar	 and	 pestle	 (Figure	 1.7a). 33 	This	 approach	 is	
sometimes	 described	 as	 “grindstone	 chemistry”	 and	 can	 easily	 performed	 in	 any	
laboratory	 as	 it	 does	 not	 require	 specialized	 equipment.	 However,	 it	 is	 not	 easily	
reproducible	 because	 it	 depends	 on	 the	 physical	 strength	 of	 the	 operator.	 More	
recently,	 automated	 ball	 mills	 have	 been	 introduced	 for	 laboratory-scale	 synthesis.	
With	 these	 instruments	 it	 is	 possible	 to	 control	 the	 energy	 input	 by	 controlling	 the	
milling	frequency,	safety	is	improved	because	the	reactions	are	run	in	a	closed	vessel	
(if	 compared	 with	 the	 mortar).	 These	 instruments	 can	 be	 classified	 into	 two	 main	
types:	 planetary	 ball	 mills,	 where	 the	 balls	 and	 reactants	 experience	 two	 types	 of	
movements,	 namely	 friction	 with	 the	 inside	 walls	 of	 the	 jar	 as	 a	 result	 of	 the	
centrifugal	 force	 and	 impact	 when	 they	 lift	 off	 and	 collide	 with	 the	 opposite	 wall	
(Figure	1.7b)	and	mixer	(shaker)	mills,	where	the	jar	is	horizontal	and	swings	back	and	
forth	to	let	the	balls	and	reactants	collide	with	the	opposite	wall	of	the	jar	(Figure	1.7c)	






Besides	 the	 vibration	 frequency	 and	 the	 type	 of	 ball-mill,	 there	 are	 other	 important	
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friction.	 Furthermore,	 SiO2,	 retains	 water	 and	 generates	 mildly	 acidic	 conditions,	
thereby	 displacing	 condensation	 equilibrium	 in	 some	 cases,	 as	 in	 the	 case	 of	 the	
Strecker	 reaction. 35 	Small	 amounts	 of	 liquids	 are	 also	 sometimes	 added	 to	 solid	
starting	compounds	to	accelerate	the	reaction	under	solvent-free	conditions,	a	process	
known	as	solvent-drop	grinding	(SDG)	or	liquid-assisted	grinding	(LAG);	one	example	is	
the	acceleration	of	 the	Ugi	 reaction	by	addition	of	a	 few	drops	of	methanol.36	When	
reaction	 acceleration	 is	 promoted	by	 the	use	of	 a	 ionic	 liquid,	 it	 is	 defined	 as	 “ionic	
liquid-assisted	grinding”	(ILAG);	polymer-assisted	grinding	(POLAG)	is	another	recently	






Reactions	 performed	 under	 mechanochemical	 conditions	 may	 show	 improved	
selectivities.	One	example	 is	the	mechanochemical	Povarov	reaction,	which	furnishes	
cis-2,4-diphenyl-1,2,3,4-tetrahydroquinoline	 derivatives	 with	 complete	




















Strecker reaction - SiO2 auxiliar
R1 CHO
MeOH (LAG)R










Ugi reaction - MeOH (LAG)





























FeCl3,HSVM,   





















In	 conclusion,	 we	 can	 assert	 that	 the	 synergism	 of	 MCRs	 and	 mechanochemistry	









































































Mechanochemical-based synthesis of Atorvastatin
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1.3.	The	Hantzsch	pyrrole	synthesis	and	its	evolution	
Pyrrole	was	first	isolated	in	1857	from	the	product	of	bone	pyrolysis	and	is	one	of	the	
most	 important	 and	widespread	 simple	 heterocycles	 in	 natural	 products	 and	 drugs,	
being	considered	a	privileged	structure	in	medicinal	chemistry.39	Pyrrole	is	the	central	
core	 of	 some	 key	 natural	 products	 including	 heme	 and	 chlorophyll,	 two	 pigments	
essential	 for	 life. 40 	The	 red	 pigment	 prodigiosin,	 from	 bacteria	 belonging	 to	 the	
Serratia	genus,	has	antibiotic	properties	and	acts	as	a	 transporter	of	 chloride	anions	
and	 protons	 across	 phospholipid	 membranes	 thanks	 to	 the	 association	 of	 its	
protonated	 form	 with	 chloride	 anion,	 generating	 a	 lipophilic	 species. 41 	Several	
bioactive	 secondary	 metabolites	 bear	 a	 pyrrole	 moiety,	 including	
pentabromopseudodiline	 and	 pioluteorine	 from	 bacterial	 origin,	 and	 some	 marine	
natural	 products	 that	 include	 the	 lamellarines,	 halitulin,	 nakamuric	 acid	 and	
marinopyrrole,	 the	 latter	 of	 which	 are	 important	 due	 to	 their	 activity	 against	
methicillin-resistant	 Staphillococcus	 strains.	42	A	 variety	 of	 marine	 organisms	 contain	
3,4-diarylpyrrole	 compounds	 and	 among	 them	 storniamide	 and	 its	 O-methylated	
derivatives	 have	 shown	 activity	 as	 inhibitors	 of	 the	 multidrug	 resistance	 (MDR)	
phenomenon, 43 	one	 of	 the	 main	 obstacles	 to	 anticancer	 chemotherapy.	 Many	
unnatural	 pyrrole	 derivatives	 showed	 also	 antimalarial 44 	and	 antimycobacterial 45	
activities	 and	 as	 inhibitors	 of	 HIV	 virus	 fusion46	and	 hepatoprotectors47.	 Marketed	



























are	 an	 organoboron-derived	 family	 of	 compounds	 whose	 most	 important	
characteristic	 is	 a	 strong	 absorption	 in	 the	 UV	 and	 the	 emission	 of	 a	 very	 intense	




many	 cases	 they	 stumble	 on	 regioselectivity	 problems	 and	 are	 not	 suitable	 for	 the	
preparation	of	polisubstituted	derivatives.																																																									
49	 For	reviews	of	pyrrole	derivatives	in	materials	science,	see:	(a)	Higgins,	S.	J.	Chem.	Soc.	Rev.	1997,	26,	














Marinopyrrole A  (X = H)





























 Tolmetin  (R = H, R1 = Me)





















































different	 from	methyl,	 and	at	C-3	with	esters	other	 than	ethyl.	Unfortunately,	 yields	
were	still	below	50%	and	the	presence	of	substituents	at	the	N-1	position	was	still	not	
possible.52	



































































low	 yields,	 harsh	 reaction	 conditions	 and	 lack	 of	 generality,	 the	 study	 and	
improvement	 of	 the	Hantzsch	 pyrrole	method	 is	 still	 challenging.	 A	 number	 of	 non-

















































- 9 examples, only
- N-R substitution not possible
- only Me at C-2
- only COOEt at C-3
- R4 and R5 allow only alkyl substituents
- not mild and general conditions
- yields < 45%
Roomi & MacDonald (1970)
- N-R substitution not possible
- alkyls at C-2 but only in low yields
- diverse esters at C-3
- not still mild and general conditions





















Zhao	 and	 co-workers	 in	 2015 54 	reported	 that	 the	 irradiation	 of	
α-bromoacetophenones,	 ethyl	 acetoacetate	 and	 primary	 amines	 at	 500	 W	 in	 a	









was	 the	 reaction	with	α-halocarbonyl	 derivative	 to	 give	 desired	 pyrroles.	 In	 the	 last	
step	 the	 final	 product	 so	 obtained	 was	 liberated	 from	 the	 solid	 support	 via	 acid	






























Hantzsch pyrrole synthesis, unconventional protocol
	
	










Cosford	 showed	 that	 a	 one-pot	 synthesis	 of	 pyrrole-3-carboxylic	 acid	 derivatives	 is	
possible	by	reaction	of	tert-butyl	acetoacetate,	primary	amines	and	2-bromoketones	at	
200	°C	during	8	min	 in	continuous	 flow	(Scheme	1.11b).	The	 in	situ	hydrolysis	of	 the	
tert-butyl	 ester	 groups	 led	 to	 the	 generation	 of	 the	 corresponding	 carboxylic	 acid	











































2,6-di-tBupyridine,         













(b) Solid-phase Hantzsch synthesis
	
	







use	of	Ce(IV)	ammonium	nitrate	 (CAN)	as	a	 Lewis	acid	catalyst,58	we	 investigated	 the	







telescoped	 with	 the	 synthesis	 of	 the	 starting	α-iodoketone	 from	 the	 corresponding	
ketone	 and	N-iodosuccinimide	 (NIS).	 This	 solvent-free	method	 afforded	 considerably	
higher	 yields	 of	 pyrroles	 than	 previous	 versions	 of	 the	Hantzsch	 reaction,	 in	 spite	 of	
comprising	 an	 additional	 step,	 and	 was	 far	 broader	 in	 scope	 (Scheme	 1.12).	59 	By	



























(a) Ultrasound-promoted Hantzsch synthesis




























































R5 O NIS, 
TsOH (10 mol%), HSVM 
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2.	Objectives	
This	 thesis	 is	 based	 on	 the	 use	 of	 pyrrole,	 a	well-known	 privileged	 structure,	 as	 the	
central	 core	 on	which	 to	 build	 a	 variety	 of	 DOS	 libraries	 using	 the	build-couple-pair	
approach.	 In	 this	general	context,	 the	goals	of	 the	 first	part	of	 the	 thesis	 involve	 the	
use	 of	 a	 mechanochemical	 multicomponent	 reaction	 as	 the	 couple	 phase	 and	 a	
number	 of	 cyclization	 processes	 as	 the	 pair	 phase	 to	 generate	 fused	 heterocyclic	
frameworks	 bearing	 a	 bridgehead	 nitrogen	 atom.	 The	 second	 part	 of	 the	 thesis	 is	







1.	 Adaptation	 of	 a	 known,	 in	 house-developed	 mechanochemical	 multicomponent	
reaction	 to	 the	 preparation	 of	 pyrrole	 derivatives	 bearing	 functional	 groups	 that	
allow	 suitable	 complexity-generating	 reactions	 at	 the	 pair	 stage	 at	 their	 N-1,	 C-2	
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6.	 Synthesis	 of	 diaza	 medium-sized	 rings	 by	 ring-closing	 metathesis.	 The	 starting	
pyrroles	 would	 be	 constructed	 by	 the	 Hantzsch	 method	 from	 β,δ-










8.		Study	 of	 the	 libraries	 synthesized	 by	 the	 above	 methods	 using	 high-throughput	
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9.		Finally,	as	part	of	the	requirements	for	the	International	Ph	D	Label,	I	carried	out	a	
three-month	 stay	 at	 the	 group	 of	 Professor	 Steven	 Ley	 at	 the	 Department	 of	
Chemistry,	 Cambridge	 University,	 working	 on	 the	 use	 of	 photochemical	















The	ability	 to	synthesize	starting	pyrroles	bearing	suitable	 functionalities	 is	 crucial	 to	
the	 success	 of	 our	 DOS	 project.	 Hence,	 we	 needed	 to	 verify	 whether	 the	
mechanochemical	 multicomponent	 pyrrole	 synthesis	 developed	 by	 our	 group	 was	







The	 introduction	 of	 some	 of	 these	 groups	 could	 be	 in	 principle	 troublesome	 for	 a	
variety	of	reasons	such	as	the	steric	hindrance	due	to	the	o-iodophenyl	substituent	or	
the	potential	 low	stability	of	 the	furan	ring	or	 the	acetal	 function	under	the	reaction	
conditions.61	Fortunately,	 these	 concerns	 proved	 to	 be	 largely	 unfounded	 and	 the	
usual	 reaction	 conditions	 of	 our	 previously	 established	 method	 gave	 good	 results.	
Thus,	 the	 primary	 amine	 and	 β-dicarbonyl	 components	 were	 pre-mixed	 in	 the	
presence	of	Ce(IV)	ammonium	nitrate	or	 indium	trichloride	 (5%)	as	catalysts	 to	 form	





1ag),	 the	 iodides	could	prepared	 in	situ	by	a	mechanochemical	method	 involving	the	
reaction	of	 the	 corresponding	 ketones	with	N-iodosuccinimide	 in	 the	 presence	of	p-	


















































































































































1c, 78% 1d, 72% 1e, 78%
1f, 80%
1g, 65% 1h, 75% 1i, 77% 1j, 72%
1k, 70% 1m, 72%1l, 64%
1a-1ag          
(76% average)
1n, 66% 1o, 65%
1p, 75% 1q, 72% 1r, 78% 1t, 80%1s, 72%











NIS, TsOH (10 mol%), 
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3.2.	 Synthesis	 of	 symmetrical	 molecules	 containing	 two	 or	 three	 pyrrole	 units	 via	
mechanochemical	pseudo-five(seven)-component	reactions		
The	mechanochemical	pyrrole	synthesis	also	needed	to	be	adapted	to	the	preparation	




two	 or	 more	 pharmacophoric	 units	 joined	 by	 a	 spacer	 are	 of	 relevance	 in	 drug	
discovery,	 and	 some	 examples	 of	 therapeutic	 targets	 in	 which	 such	 bivalent	
symmetrical	ligands	have	proved	useful	include	HIV	protease,63	the	PrPc	cellular	prion	
protein 64 	and	 the	 transient	 receptor	 potential	 melastatin	 8	 (TRPM8)	 channel	
receptor.65	The	 importance	 of	 these	molecules	 can	 be	 explained	 by	 the	 existence	 of	
many	 symmetrical	 drug	 targets,	 composed	 by	 two	 or	 more	 identical	 subunits.	 The	
development	of	new	efficient	synthetic	procedures	to	obtain	this	class	of	symmetrical	
architectures	is	still	challenging	and	relies,	normally,	on	multistep	sequences.66		
We	 realized	 that	 our	 pyrrole	 synthesis	 could	 be	 adapted	 to	 this	 task	 by	 applying	 a	
pseudo-five	 component	 process	 comprising	 two	 concomitant	Hantzsch-like	 reactions	
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As	 in	 the	case	of	compounds	1,	 containing	a	single	pyrrole	 ring,	our	protocol	started	
with	the	treatment	of	aromatic	ketones	 II	with	N-iodosuccinimide	 in	the	presence	of	
toluenesulfonic	 acid	 under	 high-speed	 vibration	 milling	 during	 1	 h	 to	 afford	 the	α-
iodoketones	 IV	which	were	not	 isolated	 in	order	 to	achieve	a	 telescoped	procedure.	
The	suitable	commercial	β-dicarbonyl	compound	I	and	α,ω-diamine	III	together	with	a	
catalytic	 amount	 of	 Ce(IV)	 ammonium	 nitrate,	 which	 had	 been	 pre-mixed	 for	 30-60	
min	(monitored	by	TLC)	to	ensure	the	complete	generation	of	the	intermediate	bis-β-
enaminones	V,	were	added	 to	 the	milling	 jar	 together	with	an	additional	5%	of	CAN	
and	one	equivalent	of	silver	nitrate,	and	the	mixture	was	again	submitted	to	milling	for	
an	 additional	 hour	 to	 generate	 the	 final	 products	 (Scheme	 3.3).	 The	 proof	 for	 the	
formation	 of	 species	 IV	 and	V	 relies	 on	 the	 facts	 that:	 (i)	 they	 could	 be	 isolated	 by	









The	 scope	 of	 this	 pseudo-5CR	 is	 summarized	 in	 Figure	 3.2.	 Beyond	 the	 simple	
polymethylene	spacers,	in	order	to	increase	the	molecular	diversity	and	we	studied	the	
inclusion	 of	 spacer	 chains	 containing	 nitrogen	 atoms	 (2a-2g,	 2i).	 The	 use	 of	 N1-(2-
aminoethyl)ethane-1,2-diamine	 as	 the	 starting	 material	 was	 also	 possible,	 without	
interference	 from	 the	 secondary	 amino	 group	 in	 spite	 of	 its	 nucleophilicity,	 to	 give	
compound	 2h.	 Furthermore,	 some	 tetramethyldisiloxane	 derivatives	 (2k-2o)	 were	
prepared	 in	 view	 of	 the	 current	 interest	 in	 silicon-containing	 compounds	 for	 drug	
discovery	applications,	which	has	led	to	the	“silicon	switch”	approach,	also	defined	as	
sila-subsitution.	 It	 represents	 a	 novel	 source	 of	 chemical	 diversity	 in	 drug	 design.	
Examples	 described	 in	 literature	 for	 the	 demonstration	 of	 the	 efficiency	 of	 the	
carbon/silicon	 switch	 strategy	 are	 sila-venlafaxine,	 disila-bexarotene	 and	 sila-
CH3
O
NIS, TsOH (10 mol%), 



















CAN (5 mol%), 
AgNO3, HSVM, 
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haloperidol,	 as	 well	 as	 sila-analogues	 of	 venlafaxine,	 a	 serotonin/noradrenaline	










































































































































































2b, 66% 2c, 62% 2d, 68%
2f, 60% 2g, 60%
2j, 56%
2l, 60%


































although	an	attempt	 to	 introduce	an	amide	was	unsuccessful.	At	 the	C-5	position,	 a	





seven-component	 reaction	 between	 VI,	 three	 equivalents	 of	 1,3-pentanedione	 and	
three	equivalents	of	acetophenone,	as	 shown	 in	Scheme	3.4.	While	 the	overall	 yield	
was	only	moderate,	it	has	to	be	taken	into	account	that	the	preparation	of	3	involves	
12	individual	steps,	with	a	linear	sequence	comprising	9,	and	thus	the	average	yield	is	
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CAN (5 mol%), 
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Finally	we	studied	an	alternative	method	for	the	generation	of	dimeric	pyrrole-based	
architectures	with	partially	 saturated	spacers	 that	are	not	accessible	by	 the	previous	
route.	 To	 this	 end,	 we	 planned	 homodimerization	 reactions	 of	 2-allyl-	 and	 2-
homoallylpyrroles	 via	 cross-metathesis.	 The	 starting	 materials	 for	 this	 study	
(compounds	 4)	 were	 readily	 prepared	 under	 the	 conditions	 for	 single-ring	 pyrrole	
derivatives	described	in	the	previous	Section	and,	as	shown	in	Scheme	3.5,	they	were	
uneventfully	 transformed	 into	 the	 target	 compounds	 5.	 The	 dimerization	 step	 took	
place	in	the	presence	of	the	second-generation	Hoveyda-Grubbs	catalyst	and	copper(I)	
iodide	 (Scheme	 3.5).	 Interestingly,	 the	 reactions	 starting	 from	 1-allylpyrroles	 gave	 a	
single	 stereoisomer	 at	 the	 central	 double	 bond,	 which	 was	 assumed	 to	 be	 E	












NIS, TsOH (10 
mol%), HSVM 







CAN (5 mol%), 
AgNO3, HSVM, 


























































































60	min.	 Then,	 the	 reaction	 vessel	 was	 cleansed	with	 ethyl	 acetate	 and	 the	 suspension	was	
filtered	 to	 remove	 the	 silver	 iodide	precipitate.	 The	organic	 layer	was	washed	with	water	 (2	
mL),	 dried	 over	 anhydrous	 sodium	 sulphate	 and	 the	 solvent	 was	 removed	 under	 reduced	
pressure.	 Purification	 by	 flash	 column	 chromatography	 on	 silica	 gel	 eluting	 with	 a	 gradient	
from	 petroleum	 ether	 to	 8:2	 petroleum	 ether-ethyl	 acetate	 afforded	 the	 desired	 pyrrole	
derivatives.	Compounds	1e	and	1f	were	known	in	the	literature.68	
	
Method	 B:	 In	 some	 cases	 where	 the	mechanochemical	 protocol	 did	 not	 work	 (synthesis	 of	
pyrroles	1a-1x),	the	α-iodoketone	was	prepared	under	literature69	conditions,	as	follows:	To	a	
solution	 of	 the	 suitable	 ketone	 (1	 eq)	 in	 anhydrous	 methanol,	 iodine	 (1	 eq)	 and	 cupper(II)	




mL)	 and	 the	 combined	 organic	 layers	 were	 dried	 over	 anhydrous	 sodium	 sulphate	 and	 the	






(1.5	mmol);	 yield:	 277	mg	 (78%);	 dark	 orange	 solid;	 mp:	 109-111	 °C;	 1H	
NMR	(250	MHz,	CDCl3)	δ	8.65	 (br	s,	1H),	7.95	–	7.92	 (m,	1H),	7.41	–	7.33	
(m,	2H),	7.03	–	6.96	(m,	1H),	6.80	(d,	J	=	3.0	Hz,	1H),	4.30	(q,	J	=	7.1	Hz,	2H),	


















NIS, TsOH (10 mol%),         
HSVM (20 Hz), 60 min
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Prepared	 from	 o-iodoacetophenone	 (1	 mmol)	 and	methyl	 3-aminocrotonate	
(1.5	mmol);	yield:	289	mg	 (85%);	dark	orange	solid;	mp:	144-146	°C;	 1H	NMR	
(250	MHz,	 CDCl3) δ 8.66	 (br	 s,	 1H),	 7.95	 –	 7.92	 (m,	 1H),	 7.39	 –	 7.36	 (m,	 2H),	
7.03	–	6.96	(m,	1H),	6.79	(d,	J	=	3	Hz,	1H),	3.84	(s,	3H),	2.62	(s,	3H);	 13C	NMR	
(250	MHz,	CDCl3) δ 165.9,	140.3,	136.8,	135.7,	130.5,	130.3,	128.9,	128.3,	112.2,	110.9,	96.3,	






Prepared	 from	 o-iodoacetophenone	 (1	 mmol),	 ammonium	 chloride	 (	 4.5	
mmol)	and	ethyl	propionylacetate	(1.5	mmol);	yield:	288	mg	(78%);	yellowish	
solid;	mp:	78-80	°C;	 1H	NMR	(250	MHz,	CDCl3) δ 8.63	(br	s,	1H),	7.96	–	7.93	
(m,	1H),	7.46	–	7.35	(m,	2H),	7.05	–	6.98	(m,	1H),	6.80	(d,	J	=	3	Hz,	1H),	4.32	
(q,	 J	 =	 7.1	 Hz,	 2H),	 3.09	 (q,	 J	 =	 7.3	 Hz,	 2H),	 1.42	 –	 1.33	 (m,	 6H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 165.3,	141.3,	140.3,	136.9,	130.4,	130.2,	128.8,	128.4,	111.7,	110.9,	95.9,	59.4,	20.6,	




















NMR	 (250	MHz,	 CDCl3) δ 7.45	 –	 7.44	 (m,	 1H),	 6.77	 (s,	 1H),	 6.45	 –	 6.43	 (m,	
1H),	6.38	–	6.36	(m,	1H),	6.00	–	5.89	(m,	1H),	5.20	–	5.16	(m,	1H),	4.90	–	4.82	








































Prepared	 from	 2-iodo-1-(2-furyl)ethanone	 (1	 mmol),	 butenamine	 (1.95	
mmol)	 and	 diethyl	 1,3-acetonedicarboxylate	 (1.5	 mmol);	 yield:	 266	 mg	
(77%);	white	 solid;	mp:	76-78	 °C;	 1H	NMR	 (250	MHz,	CDCl3) δ 7.48	 (dd,	 J	 =	
1.9,	0.8	Hz,	1H),	6.84	(s,	1H),	6.49	(dd,	J	=	3.3,	1.9	Hz,	1H),	6.44	(dd,	J	=	3.3,	













=3.3,	0.8	Hz,	1H),	6.03	–	5.88	 (m,	1),	5.22	–	5.15	 (m,	1H),	4.90	–	4.81	 (m,	
1H),	4.31	(q,	J	=	7.1	Hz,	2H),	4.66	–	4.62	(m,	2H),	2.57	(s,	3H),	1.38	(t,	J	=	7.1	
Hz,	 3H);	 13C	 NMR	 (63	MHz,	 CDCl3) δ 165.3,	 146.6,	 141.7,	 137.4,	 133.0,	 123.7,	 116.4,	 112.3,	








CDCl3)	δ	7.48	–	7.46	 (m,	1H),	6.77	 (s,	1H),	6.48	–	6.46	 (m,	1H),	6.41	–	6.39	 (m,	
1H),	6.02	–	5.89	(m,	1H),	5.24	–	5.18	(m,	1H),	4.91	–	4.82	(m,	1H),	4.66	–	4.62	(m,	
2H),	2.60	 (s,	3H),	2.46	 (s,	3H);	 13C	NMR	(63	MHz,	CDCl3)	δ		195.0,	146.4,	141.9,	



















































oxobutanamide	 (0.60	mmol);	 yield:	 98	mg	 (66%);	 yellowish	 oil;	 1H	 NMR	 (250	
MHz,	CDCl3)	δ	7.97	 (m,	1H),	 7.47	–	7.35	 (m,	2H),	 7.17	–	7.10	 (m,	1H),	 6.44	 (s,	
1H),	5.63	–	5.46	(m,	1H),	5.00	–	4.91	(m,	2H),	3.84	–	3.69	(m,	2H),	2.66	(s,	3H),	
2.44	 (s,	 3H),	 2.21	 (br	 s,	 2H);	 13C	NMR	 (63	MHz,	 CDCl3)	δ 	 195.1,	 139.1,	 138.1,	
135.1,	 134.0,	 133.,	 132.4,	 130.1,	 128.0,	 120.6,	 117.6,	 110.8,	 103.0,	 43.8,	 34.7,	 28.6,	 12.1;	 IR	






3-oxobutanamide	 (0.60	mmol);	 yield:	 111	mg	 (65%);	 yellowish	 oil;	 1H	 NMR	
(250	MHz,	CDCl3)	δ	
1H	NzMR	(250	MHz,	CDCl3) δ 7.91	–	7.88	 (m,	1H),	7.37	–	
7.26	(m,	2H),	7.08	–	7.02	(m,	1H),	6.45	(s,	1H),	5.73	–	5.59	(m,	1H),	5.06	–	5.02	
(m,	1H),	4.71	–	4.65	 (m,	1H),	4.31	–	4.18	 (m,	2H),	2.53	 (s,	3H),	1.56	 (s,	9H);	
13NMR	(63	MHz,	CDCl3) δ 165.1,	138.8,	138.1,	135.3,	134.1,	133.1,	133.0,	132.4,	129.8,	127.7,	
116.3,	 113.2,	 110.2,	 102.7,	 79.2,	 46.7,	 28.5,	 11.3;	 IR	 (neat) ν:	1689.5	 (C=O),	 	 1259.1	 (C-O),	

























3-oxobutanamide	 (0.60	 mmol);	 yield:	 122	 mg	 (75%);	 yellowish	 oil;	 1H	 NMR	





















Prepared	 from	 o-iodoacetophenone	 (0.40	 mmol),	 allylamine	 (0.78	 mmol)	
and	 3-oxobutanamide	 (0.60	mmol);	 yield:	 150	mg	 (78%);	 yellowish	oil;	 1H	
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Ethyl	1-allyl-2-(2-ethoxy-2-oxoethyl)-5-(2-iodophenyl)-1H-pyrrole-3-carboxylate	(1t)	
	
Prepared	 from	 o-iodoacetophenone	 (0.40	mmol),	 allylamine	 (0.78	mmol)	
and	3-oxobutanamide	 (0.60	mmol);	 yield:	 149	mg	 (80%);	 yellowish	oil;	 1H	
NMR	 (250	MHz,	 CDCl3) δ 7.96	 –	 7.93	 (m,	 1H),	 7.42	 –	 7.30	 (m,	 2H),	 7.14	–	
7.07	(m,	1H),	6.59	(s,	1H),	5.79	–	5.65	(m,	1H),	5.09	–	5.04	(m,	1H),	4.77	–	
4.69	(m,	1H),	4.41	–	4.02	(m,	8H),	1.36	(t,	J	=	7.1	Hz,	3H),	1.28	(t,	J	=	7.1	Hz,	
3H);	 13C	 NMR	 (63	MHz,	 CDCl3) δ 169.9,	 165.1,	 138.9,	 137.7,	 135.5,	 133.1,	






Prepared	 from	 2-iodo-1-(o-iodophenyl)ethanone	 (492	 mg,	 2	 mmol),	
allylamine	 (284	mg,	 3.9	mmol),	 ethyl	 acetoacetate	 (390	mg,	 3	mmol)	 and	












3-oxobutanamide	 (0.60	 mmol);	 yield:	 77	 mg	 (52%);	 yellowish	 oil;	 1H	 NMR	
(250	MHz,	CDCl3) δ 7.84	–	7.77	(m,	1H),	7.32	–	7.15	(m,	2H),	6.94	–	6.86	(m,	
1H),	6.08	(s,	1H),	5.54	(dt,	J	=	6.6,	3.3	Hz,	2H),	5.02	–	4.87	(m,	1H),	4.68	–	4.47	
(m,	 2H),	 4.11	 (d,	 J	 =	 29.1	 Hz,	 2H),	 2.44	 (s,	 3H);	 13C	 NMR	 (63	 MHz,	






































Prepared	 from	 p-Bromo-2-iodo-acetophenone	 (0.5	 mmol),	 2,2-












Prepared	 from	 2-iodo-3,4-dichloro-acetophenone	 (0.5	 mmol),	 2,2-





132.5,	 132.3,	 132.1,	 131.3,	 130.5,	 128.8,	 113.8,	 111.2,	 104.0,	 55.3,	 52.2,	 51.0,	 47.1,	 31.3,	 IR	
(neat) ν:		 3010.0,	 2950.2	 (C-H),	 1705.2	 and	 1675.0	 (C=O),	 1254.1	 and	 1195.9	 (C-O)	 cm-1;	






Prepared	 from	2-iodo-acetophenone	 (0.5	mmol),	 2,2-dimethoxyethan-




134.6,	 133.3,	 132.6,	 129.8,	 128.6,	 128.0,	 113.4,	 110.2,	 104.3,	 55.3,	 52.2,	 50.9,	 47.0,	 31.3;	 IR	







Prepared	 from	 2-iodo-p-methocy-acetophenone	 (0.5	 mmol),	 2,2-
dimethoxyethan-1-amine	 (1.0	 mmol)	 and	 dimethyl	 3-







































oxohex-5-enoate	 (0.75	mmol);	 yield:	 59	mg	 (35%);	 yellowish	 oil;	 1H	 NMR	
(250	MHz,	CDCl3)	δ	7.39	(s,	5H),	6.62	(s,	1H),	5.92	(ddd,	J	=	17.1,	10.4,	1.1	




































































acetoacetate	 (0.75	 mmol);	 yield:	 106	 mg	 (87%);	 dark	 yellow	 oil;	 1H	 NMR	 (250	
MHz,	CDCl3) δ 7.34	–	7.33	(m,	1H),	6.70	(s,	1H),	6.34	–	6.32	(m,	1H),	6.28	–	6.26	
(m,	1H),	5.90	–	5.77	(m,	1H),	5.10	–	5.05	(m,	1H),	4.77	–	4.69	(m,	1H),	4.54	–	4.51	
(m,	 2H),	 3.72	 (m,	 3H),	 2.46	 (s,	 3H);	 13C	 NMR	 (63	 MHz,	 CDCl3) δ 165.7,	 146.5,	 141.7,	 137.5,	
132.9,	123.7,	116.3,	111.7,	111.0,	110.0,	107.0,	50.8,	46.9,	10.9;	IR	(neat) ν:		3124.9,	2947.4	(C-





Prepared	 from	 3,3-dimethylbutan-2-one	 (0.5	 mmol),	 allylamine	 (1	 mmol)	 and	
acetylacetone	 (0.75)	 ;	 yield:	 65	 mg	 (60%);	 green	 oil;	 1H	 NMR	 (250	 MHz,	
CDCl3) δ 6.28	(s,	1H),	6.02	–	5.77	(m,	1H),	5.24	–	5.16	(m,	1H),	4.76	–	4.62	(m,	3H),	







Prepared	 from	 2-acetylthiophene	 (0.5	 mmol),	 3-buten-1-amine	 (1	 mmol)	 and	




117.5,	 111.6,	 111.4,	 50.7,	 43.5,	 34.7,	 11.4;	 IR	 (neat) ν:		 2977.8,	 2945.2,	 2849.5	 (C-H),	 1698.0	





Prepared	 from	 2-furyl	 methyl	 ketone	 (0.5	 mmol),	 allylamine	 (1	 mmol)	 and	
diethyl	 1,3-acetonedicarboxylate	 (0.75	 mmol);	 yield:	 136	 mg	 (80%);	 dark	
orange	oil;	 1H	NMR	(250	MHz,	CDCl3) δ 7.46	 (d,	 J	=	1.8	Hz,	1H),	6.87	 (s,	1H),	
6.46	(dd,	J	=	3.3,	1.8	Hz,	1H),	6.41	(d,	J	=	3.3	Hz,	1H),	6.07	–	5.86	(m,	1H),	5.24	
–	5.14	(m,	1H),	4.90	–	4.82	(m,	1H),	4.71	–	4.69	(m,	2H),	4.30	(q,	J	=	7.1	Hz,	2H),	4.18	(q,	J	=	7.1	
Hz,	 2H),	 4.12	 (s,	 2H),	 1.36	 (t,	 J	 =	 7.1	 Hz,	 3H),	 1.28	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 169.9,	164.8,	146.3,	141.9,	133.1,	132.7,	124.7,	116.5,	114.0,	111.1,	110.4,	107.5,	61.2,	
59.7,	47.2,	31.2,	14.4,	14.1;	 IR	 (neat) ν:		 	2980.5,	2924.4,	2852.3	 (C-H),	1734.7,	1704.3	 (C=O),	
























A	 round-bottomed	 flask	 was	 charged	 with	 second	 generation	 Hoveyda-Grubbs	 catalyst	 (2%	
mmol),	CuI	 (2%	mmol),	 the	suitable	pyrrole	1	 (0.15	mmol)	and	ethyl	acrylate	 (0.23	mmol)	 in	
dry	 diethyl	 ether	 (2	 mL),	 stirred	 and	 heated	 at	 40°C	 during	 4	 h.	 After	 completion	 of	 the	
reaction	(controlled	by	TLC)	the	solvent	was	removed	under	reduced	pressure	and	the	residue	











4.31	 (q,	 J	=	7.1	Hz,	2H),	4.17	 (q,	 J	=	7.1	Hz,	2H),	4.59-4.30	 (m,	2H),	2.57	 (s,	
3H),	 1.38	 (t,	 J	 =	 7.1	 Hz,	 3H),	 1.28	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (CDCl3,	 63	
MHz) δ 165.6,	 165.4,	 142.7,	 139.0,	 137.5,	 135.6,	 134.4,	 132.3,	 130.2,	 128.1,	 122.3,	 112.3,	
110.5,	102.5,	60.6,	59.5,	45.2,	14.5,	14.1,	11.3;	IR	(neat)	ν: 1688.4	(C=O),	1234.6	(C-O),	1072.1	










2H),	 2.49	 (s,	 3H),	 2.37	 (s,	 3H),	 1.19	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	MHz,	
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The	 suitable	ketone	 (1	mmol),	N-iodosuccinimide	 (NIS,	1	mmol)	and	p-toluenesulphonic	acid	
(PTSA,	10	mol%)	were	added	to	a	milling	jar,	along	with	a	zirconium	oxide	ball.	The	vessel	was	
fitted	to	one	of	the	horizontal	vibratory	arms	of	the	ball	mill,	while	the	other	arm	was	occupied	
with	an	empty	 vessel.	 The	ball	mill	was	 set	 to	 vibrate	at	 a	 frequency	of	20	 s-1	 for	60	min	at	
room	temperature.	Then,	a	mixture	of	the	corresponding	diamine	(0.85	mmol),	the	suitable	b-
dicarbonyl	 compound	 (1.3	 mmol)	 and	 cerium(IV)	 ammonium	 nitrate	 (CAN,	 10	 mol%),	
previously	 stirred	 at	 room	 temperature	 during	 30-60	min,	 and	 silver	 nitrate	 (1	mmol)	 were	
added	 to	 the	 vessel.	 The	 reaction	 was	 subjected	 to	 the	 vibratory	 movement	 at	 the	 same	
frequency	 for	 60	 min.	 Then,	 the	 reaction	 vessel	 was	 cleansed	 with	 ethyl	 acetate	 or	
dichloromethane	and	the	suspension	was	filtered	to	remove	the	silver	iodide	precipitate.	The	
organic	 layer	was	washed	with	water	 (2	mL),	dried	over	anhydrous	sodium	sulphate	and	the	
solvent	was	 removed	under	 reduced	pressure.	 Purification	 by	 flash	 column	 chromatography	
on	silica	gel	eluting	with	a	gradient	from	petroleum	ether	to	8:2	petroleum	ether-ethyl	acetate	
afforded	 the	 desired	 pyrrole	 derivatives.	 Compounds	 2h,	 2i	 and	 2j	 were	 purified	 by	 flash	
chromatography	eluting	with	a	98/2	dichloromethane/methanol	mixture.		
For	 the	 synthesis	 of	 compounds	 2d,	 2g,	 2j,	 2l,	 2m,	 2o,	 the	 required	 α-iodoketones	 were	
prepared	in	a	separate	step,	according	to	the	following	procedure:	To	a	solution	of	the	suitable	
ketone	 (1	eq)	 in	anhydrous	methanol,	 iodine	 (1	eq)	 and	 cupper(II)	 oxide	 (1	eq)	were	added.	









Prepared	 from	 acetophenone	 (1	 mmol),	 ethylenediamine	 (0.85	 mmol)	 and	
ethyl	 acetoacetate	 (1.30	mmol);	 yield:	 145	mg	 (60%);	white	 solid;	mp:	 224-
CH3
O
NIS, TsOH (10 mol%), 


















CAN (5 mol%), 
AgNO3, HSVM, 
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226	°C;	1H	NMR	(CDCl3,	250	MHz) δ 7.42-7.36	(m,	6H);	7.20-7.15	(m,	4H);	6.48	(s,	2H);	4.28	(q,	J	
=	 7.1	 Hz,	 4H);	 3.88	 (s,	 4H);	 1.98	 (s,	 6H);	 1.36	 (t,	 J	 =	 7.1	 Hz,	 6H)	 ppm;	 13C	 NMR	 (CDCl3,	 63	
MHz) δ 165,	136.1,	133.0,	132.0,	129.7,	128.6,	128.0,	112.4,	110.3,	59.3,	43.1,	14.5,	10.2	ppm;	






Prepared	 from	 4-chloroacetophenone	 (1	 mmol),	 propane-1,3-diamine	
(0.85	mmol)	 and	methyl	 acetoacetate	 (1.3	mmol);	 yield:	 178	mg	 (66%);	
white	 solid;	mp:	 84-86;	 1H	NMR	 (250	MHz,	 CDCl3) δ 7.37	–	 7.26	 (m,	 4H),	
7.13	–	7.05	(m,	4H),	6.48	(d,	J	=	0.9	Hz,	2H),	3.81	(s,	6H),	3.71	–	3.66	(m,	
4H),	 2.44	 (s,	 6H),	 1.69	–	1.60	 (m,	2H);	 13C	NMR	 (63	MHz,	CDCl3) δ 165.4,	






Prepared	 from	 acetophenone	 (1	 mmol),	 butane-1,4-diamine	 (0.85	
mmol)	 and	 methyl	 acetoacetate	 (1.3mmol);	 yield:	 150	 mg	 (62%);	
yellowish	 solid;	mp:	 156-158	 °C;	1H	 NMR	 (250	MHz,	 CDCl3) δ 7.15	 (m,	
6H),	7.02	–	6.93	(m,	4H),	6.27	(s,	2H),	3.59	(s,	6H),	3.46	(m,	4H),	2.27	(s,	
6H),	 1.01	 (m,	 4H);	 13C	 NMR	 (63	 MHz,	 CDCl3) δ 165.9,	 136.2,	 133.2,	
132.8,	129.2,	128.4,	127.6,	111.6,	109.8,	50.7,	43.0,	27.1,	11.4;	IR	(neat) ν:		2953.2,	2877.8	(C-
H),	 1690.5	 (C=O),	 1243.2,	 1211.6	 (C-O)	 cm-1;	 HRMS	 (ESI)	m/z	 calcd.	 for	 [M+H]+	 485.24348,	










MHz,	 CDCl3) δ 165.7,	 146.8,	 141.7,	 136.9,	 123.1,	 111.9,	 111.2,	 110.6,	 107.5,	 50.9,	 44.3,	 27.5,	
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Dimethyl	1,1'-(heptane-1,7-diyl)bis(2-methyl-5-phenyl-1H-pyrrole-3-carboxylate)	(2e)		
	
Prepared	 from	acetophenone	 (1	mmol),	 heptane-1,7-diamine	 (0.85	
mmol)	 and	 methyl	 acetoacetate	 (1.3	 mmol);	 yield:	 155	 mg	 (59%);	
yellow	solid;	mp:	96-98	 °C;	 1H	NMR	(250	MHz,	CDCl3) δ 7.43	–	7.29	
(m,	10H),	6.54	(s,	2H),	3.92	–	3.81	(m,	4H),	3.87	(s,	6H),	2.61	(s,	6H),	
1.47	–1.41	 (m,	4H),	 0.99	 (s,	 6H);	 13C	NMR	 (63	MHz,	CDCl3) δ 166.0,	







Prepared	 from	1-(4-fluorophenyl)ethan-1-one	 (1	mmol),	 octane-1,8-
diamine	 (0.85	 mmol)	 and	 acetylacetone	 (1.3mmol);	 yield:	 163	 mg	
(60%);	 yellowish	 solid;	 mp:	 158-160	 °C;	 1H	 NMR	 (250	 MHz,	
CDCl3) δ 7.24	–	7.09	(m,	4H),	7.02	–	6.88	(m,	4H),	6.29	(s,	2H),	3.79	–	
3.54	(m,	4H),	2.45	(s,	6H),	2.26	(s,	6H),	1.29	–	1.25(m,	4H),	0.96	–	0.81	















MHz,	 CDCl3) δ 170.3,	 165.3,	 146.6,	 141.8,	 132.3,	 124.3,	 113.2,	 111.1,	 110.6,	
107.6,	52.3,	51.0,	45.4,	31.1,	30.7,	29.5,	29.4,	29.1,	26.6;	IR	(neat) ν:		2926.0,	






Prepared	 from	 acetophenone	 (1	 mmol),	 N-(2-aminoethyl)ethane-1,2-












































MHz) δ 166.0,	 136.9,	 133.6,	 133.5,	 129.7,	 128.8,	 127.8,	 112.3,	 110.3,	 59.7,	 55.2,	 53.1,	 42.5,	



















Prepared	 from	 acetophenone	 (1	 mmol),	 3,3'-(1,1,3,3-
tetramethyldisiloxane-1,3-diyl)bis(propan-1-amine)	 (0.85	 mmol)	
and	acetylacetone	(1.3	mmol);	yield:	168	mg	(55%);	yellowish	oil;	1H	
NMR	(CDCl3,	250	MHz)	δ	7.46-7.36	 (m,	10H),	6.57	 (s,	2H),	3.91	 (m,	
4H),	 2.71	 (s,	 6H),	 2.51	 (s,	 6H),	 1.63-1.50	 (m,	 4H),	 0.39-0.32	 (m,	 4H),	 0.00	 (s,	 12H);	 13C	 NMR	

































Prepared	 from	 2-acetylthiophene	 (1	 mmol),	 1,3-
bis(aminopropyl)tetramethyldisiloxane	 (0.85	 mmol)	 and	
acetylacetone	 (1.3	mmol);	 yield:	187	mg	 (60%);	dark	yellow	oil;	1H	











Prepared	 from	 2-furyl	 methyl	 ketone	 (1	 mmol),	 1,3-
bis(aminopropyl)tetramethyldisiloxane	 (0.85	 mmol)	 and	 methyl	











Prepared	 from	 acetophenone	 (0.5	 mmol),	 1,3-
bis(aminopropyl)tetramethyldisiloxane	 (0.85	 mmol)	 and	 ethyl	 6-
ethoxy-3,5-dioxohexanoate	 (1.3	 mmol);	 yield:	 237	 mg	 (58%);	
yellowish	oil;	1H	NMR	(250	MHz,	CDCl3) δ 7.53	–	7.41	(m,	10H),	6.74	
(s,	2H),	4.46	–	4.28	(m,	8H),	4.29	(s,	4H),	4.09	–	3.89	(m,	4H),	1.59	–	
1.39	 (m,	 16H),	 0.51	 –	 0.28	 (m,	 4H),	 0.00	 (s,	 12H);	 13C	 NMR	 (63	MHz,	 CDCl3) δ 170.0,	 165.1,	
134.1,	132.9,	131.5,	129.2,	128.4,	127.6,	113.4,	110.2,	61.0,	59.4,	47.2,	31.5,	24.8,	15.0,	14.4,	
14.1,	-0.1;	IR	(neat) ν:		2953.6,	2933.9,	2900.7	(C-H),	1735.5,	1695.2	(C=O),	1242.4	(C-O)	cm-1;	






































Prepared	 from	 1-indanone	 (1	 mmol),	 1,3-











Following	 the	 general	 procedure,	 prepared	 from	 acetophenone	 (1.8	
mmol),	 N,N-bis(2-aminoethyl)ethane-1,2-diamine	 (1.2	 mmol)	 and	
acetylacetone	 (2.7	 mmol).	 Purification	 by	 flash	 column	 chromatography	
on	 silica	 gel	 eluting	 with	 a	 gradient	 from	 dichloromethane	 to	 98:02	
dichloromethane:	 methanol	 afforded	 145	 mg	 (35%)	 of	 pyrrole	 3	 as	 a	
yellowish	oil.	1H	NMR	(CDCl3,	250	MHz) δ 7.42-7.21	(m,	15H),	6.45	(s,	3H),	



























A	 round-bottomed	 flask	 was	 charged	 with	 second	 generation	 Hoveyda-Grubbs	 catalyst	 (2%	
mmol),	 CuI	 (2%	mmol)	 and	 the	 suitable	 pyrrole	 11	 (0.15	mmol)	 in	 dry	 diethyl	 ether	 (2	mL),	
stirred	and	heated	at	40°C	during	16	(for	compounds	5a,	5c	and	5d)	or	48	hours	(for	compound	












146.3,	 141.7,	 137.2,	 126.4,	 123.6,	 112.1,	 111.0,	 110.1,	 107.0,	 50.87,	 45.6,	
10.9;	 IR	 (neat) ν:		 3011.6,	 2944.7,	 2849.5	 (C-H),	 1694.7	 (C=O),	 1248.4	 (C-O),	






Prepared	 from	 compound	 4b	 (0.25	 mmol);	 yield:	 31	 mg	 (70%);	 green	 oil;	 1H	
NMR	(250	MHz,	CDCl3) δ 6.27	(s,	2H),	4.98	(br	s,	2H),	4.59	(br	s,	4H),	2.44	(s,	6H),	
2.41	 (s,	 6H),	 1.32	 (s,	 18H);	 13C	 NMR	 (63	 MHz,	 CDCl3) δ 195.2,	 140.3,	 136.5,	












































Only	 one	 of	 the	 isomers	 could	 be	 isolated	 in	 pure	 state	 and	 its	 data	 are	
given:	1H	NMR	(250	MHz,	CDCl3) δ 7.36	–	7.33	(m,	2H),	7.11	–	7.07	(m,	2H),	
7.02	–	7.01	 (m,	2H),	6.67	 (s,	2H),	5.28	–	5.25	 (m,	2H),	3.98	–	3.92	 (m,	4H),	
3.83	 (s,	 6H),	 2.59	 (s,	 6H),	 2.28	 –	 2.25	 (m,	 4H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 165.7,	137.0,	133.8,	128.4,	127.3,	126.6,	125.7,	125.3,	111.8,	111.6,	











1.28	 (d,	 J	 =	 7.1	 Hz,	 6H);	 13C	 NMR	 (63	MHz,	 CDCl3) δ 169.7,	 164.7,	 146.1,	
141.9,	132.5,	126.8,	124.6,	114.1,	111.1,	110.4,	107.5,	61.2,	59.7,	45.9,	31.0,	
14.4,	14.2;	IR	(neat) ν:		2973.6,	2927.4	(C-H),	1727.8,	1694.1	(C=O),	1249.8,	1225.6	(C-O)	cm-1;	
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to	 examine	 the	 creation	 of	 a	 fused	 pyrrole	 system	 by	 generation	 of	 two	 bonds	
involving	the	nitrogen	atom	and	the	o-position	of	a	C-5	aryl	substituent.	To	this	end,	
we	first	studied	the	reaction	of	compound	1a	with	benzylamine	 in	the	presence	of	a	
Cu(II)	 salt	 and	 potassium	 carbonate,	70	observing	 the	 formation	 of	 a	 low	 yield	 of	 a	






The	 architecture	 generated	 is	 the	 combination	 of	 two	 privileged	 structures,	 namely	
pyrrole	 and	 quinazoline,	 and	 is	 thus	 of	 importance	 in	 medicinal	 chemistry.71	Since	






Entry	 Catalyst	 Base	 Solvent	 Yield,	%	
1	 Cu(OAc)2	 K2CO3	 toluene	 15	
2	 Cu(OAc)2	 K2CO3	 dioxane	 traces	
3	 Cu(OAc)2	 K2CO3	 DMSO	 85	
4	 Cu(OAc)2	 Na2CO3	 DMSO	 62	
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We	propose	 this	 transformation	 to	 take	 place	 by	 a	 domino	process	 starting	with	 an	
initial	Ullmann	coupling,	which	is	followed	by	an	aerobic	C-H	activation	process	via	the	












































































6a, 70% 6b, 72% 6c, 85%
6d, 70% 6e, 65% 6f, 60%
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7a, 85% 7b, 82% 7c, 86% 7d, 77%
7e, 80% 7f, 80% 7g, 90% 7h, 80%































	 	 	 	 	 67		
120	 °C	 for	 6	 h.	 Depending	 on	 the	 length	 of	 the	 olefin	 chain,	 two	 different	 scaffolds	
were	obtained	with	complete	regioselectivity,	namely	pyrrolo[2,1-a]isoquinolines	(7b-
7f,	7i,	7j	 and	7k)	 from	 the	 N-allylpyrroles	 and	 benzo[c]pyrrolo[1,2-a]azepine	 (7a,	7g	
and	7h)	 from	the	N-homoallylpyrroles.	The	 reaction	 tolerated	well	 the	presence	of	a	
variety	of	substituents	at	the	pyrrole	C-3	position,	including	several	esters,	ketones	and	
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4.3.	 Synthesis	 of	 pyrrolo[1,2-a]azepines	 and	 pyrrolo[1,2-a]azocines	 by	 ring-closing	
metathesis	
In	order	to	generate	fused	heterocyclic	moieties	with	a	nitrogen	bridgehead	atom,	we	
moved	 to	 the	 study	 of	 the	 ring	 closing	metathesis	 (RCM)	 reaction,	 with	 the	 aim	 of	
generating	fused	azepine	and	azocine	derivatives.	The	privileged	structure	of	azepine	is	
contained	 in	 several	 commercial	 drugs	 as	 benazepril,	 as	 ACE	 inhibitor	 employed	 for	
hypertension,	 or	 fenoldopam,	 a	 selective	 D1	 agonist.	 The	 pyrrolo[1,2-a]azepine	
scaffold	is	not	common	but	can	be	found	in	a	number	of	alkaloids	from	the	Stemona	
and	 Stichoneuron	 genera	 (Stemonaceae).73	The	 pyrrolo[1,2-a]azocine	 scaffold	 is	 also	
represented	in	nature	as	a	structural	fragment	of	the	bioactive	polycyclic	alkaloids	(–)-






The	 starting	 pyrroles	 (compounds	 1ad-1ag)	 needed	 to	 have	 suitable	 olefinic	
substituents	 both	 on	 niytrogen	 and	 in	 its	 C-1	 position.	 This	 was	 achieved	 by	 use	 of	
allylamine	 and	 homoallylamine	 as	 the	 primary	 amine	 building	 blocks,	 and	 ethyl-3-
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4.4.	Experimental	section	
	





A	 solution	 of	 the	 suitable	 pyrrole	 derivative	 1a-1c	 (0.2	 mmol),	 the	 suitable	 benzylamine	
derivative	 (0.4	mmol),	 K2CO3	 (0.6	mmol)	 and	 Cu(OAc)2	 (10%	mmol)	 in	 DMSO	 (10	mL/mmol)	
was	stirred	at	110	°C	for	10	h.	The	cooled	reaction	mixture	was	diluted	with	EtOAc	(20	mL)	and	
washed	 with	 saturated	 aqueous	 NaCl	 (20	 mL).	 The	 organic	 layer	 was	 separated	 and	 the	
aqueous	 one	 was	 extracted	 two	 additional	 times	 with	 EtOAc	 (2	 x	 20	 mL).	 The	 combined	

















Prepared	 from	pyrrole	1a	 (0.2	mmol);	 yield:	52	mg	 (72%);	white	 solid;	mp:	
181-183	°C;	1H	NMR	(250	MHz,	CDCl3) δ 8.02	–	7.98	(m,	1H),	7.82	–	7.78	(m,	
1H),	7.58	–	7.43	 (m,	6H),	7.41	 (s,	1H),	4.38	 (q,	 J	=	7.1	Hz,	2H),	2.24	 (s,	3H),	
1.43	(t,	J	=	7.1	Hz,	3H);	13C	NMR	(63	MHz,	CDCl3) δ 165.1,	146.5,	136.9,	136.1,	
134.6,	 130.1,	 129.9,	 129.8,	 128.7,	 128.2,	 128.0,	 127.6,	 121.2,	 120.8,	 118.5,	







1H),	7.59	–	7.50	 (m,	7H),	7.41	 (s,	1H),	4.38	 (q,	 J	=	7.1	Hz,	2H),	2.20	 (s,	3H),	
1.43	(t,	J	=	7.1	Hz,	3H);	13C	NMR	(63	MHz,	CDCl3) δ 165.3,	147.7,	137.0,	136.2,	
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128.0,	 127.6,	 121.2,	 121.0,	 117.8,	 102.3,	 60.3,	 19.6,	 14.7,	 14.4;	 IR	








13C	 NMR	 (63	 MHz,	 CDCl3) δ 165.7,	 146.1,	 137.4,	 136.7,	 132.7,	 131.4,	 130.7,	
130.2,	 129.5,	 128.4,	 128.2,	 127.7,	 127.6,	 123.0,	 121.3,	 121.1,	 117.8,	 101.8,	











60.3,	19.7,	15.2,	14.4;	 IR	(neat) ν: 2976.1,	2975.2,	2878.6	(C-H),	1708.9	(C=O),	1231.8,	1226.1	






202-204	°C;	 1H	NMR	(250	MHz,	CDCl3) δ 8.01	–	7.98	(m,	1H),	7.83	–	7.79	(m,	
1H),	7.63	–	7.58	(m,	2H),	7.53	–	7.48	(m,	2H),	7.40	(s,	1H),	7.29	–	7.21	(m,	2H),	
3.92	(s,	3H),	2.22	(s,	3H);	13C	NMR	(63	MHz,	CDCl3) δ 165.6,	163.6	(d,	J	=	252	
Hz),	146.7,	136.9,	132.3	(d,	 J	=	3.6),	130.6	 (d,	J	=	8.3),	130.2	 (d,	J	=	18.9	Hz),	
128.2,	 128.0,	 127.7,	 121.2,	 120.8,	 118.2,	 115.8,	 115.5,	 101.7,	 51.5,	 15.1;	 19F	
NMR	 (235	MHz,	 CDCl3) δ (-110.11)	 –	 (-110.22)	 (m);	 IR	 (neat) ν: 3031.7,	 2932.7	 (C-H),	 1712.1	
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Ethyl	3-ethyl-5-phenylpyrrolo[1,2-c]quinazoline-2-carboxylate	(6h)	
	
Prepared	 from	 pyrrole	 1c	 (0.2	 mmol);	 yield:	 52	 mg	 (75%);	 yellowish	 solid;	











mp:	129-130	 °C;	1H	NMR	 (250	MHz,	CDCl3) δ 8.01	–	7.98	 (m,	1H),	7.85	–	7.81	
(m,	1H),	7.60	–	7.48	(m,	3H),	7.41	(s,	1H),	7.35	–	7.33	(m,	1H),	7.21	–	7.18	(m,	
1H),	3.93	(s,	3H),	2.38	(s,	3H);	13C	NMR	(63	MHz,	CDCl3) δ 165.7,	141.8,	136.9,	








mp:	174-176	°C;	 1H	NMR	(250	MHz,	CDCl3) δ 7.99	–	7.95	 (m,	1H),	7.84	–	7.81	
(m,	1H),	7.65	–	7.64	(m,	1H),	7.55	–	7.38	(m,	2H),	7.38	(s,	1H),	6.96	–	6.95	(m,	
1H),	 6.68	 –	 6.66	 (m,	 1H),	 3.93	 (s,	 3H),	 2.39	 (s,	 3H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 165.6,	 147.0,	 143.1,	 138.5,	 136.7,	 131.1,	 129.9,	 128.7,	 128.4,	 127.6,	










148.1,	 137.6,	 131.2,	 130.5,	 130.4,	 129.0,	 128.4,	 128.3,	 128.0,	 121.6,	 121.3,	
118.7,	114.3,	102.1,	60.7,	56.0,	15.6,	14.9;	IR	(neat) ν: 2920.8,	2859.2	(C-H),	































A	mixture	 of	 compound	 1n-1x	 (0.2	mmol),	 triethylamine	 (Et3N,	 0.5	mmol)	 and	 palladium(II)	
acetate	(5	mol%)	in	dimethylformamide	(1	mL)	was	refluxed	for	6	h	and	monitored	by	TLC.	The	
solvent	 was	 removed	 under	 reduced	 pressure	 and	 the	 purification	 of	 the	 residue	 by	 flash	




















(t,	 J	 =	 7.1	 Hz,	 3H);	 13C	NMR	 (63	MHz,	 CDCl3) δ 169.7,	 165.4,	 129.2,	 127.8,	
127.5,	126.2,	123.8,	122.8,	122.4,	119.3,	119.0,	115.8,	101.0,	61.2,	60.0,	30.7,	16.8,	14.4,	14.2;	






Prepared	 from	pyrrole	1o	 (0.2	mmol);	 yield:	51	mg	 (86%);	yellowish	 solid;	
mp:	86-88	°C;	 1H	NMR	(250	MHz,	CDCl3)	δ	8.07	–	8.04	(m,	1H),	7.69	–	7.66	
(m,	1H),	7.51	–	7.40	(m,	3H),	7.27	(s,	1H),	2.77	(s,	3H),	2.47	(s,	3H),	1.66	(s,	
9H);	 13C	NMR	 (63	MHz,	CDCl3)	δ		 165.4,	 127.9,	 127.6,	 127.3,	 126.7,	 126.4,	
125.8,	 123.7,	 122.2,	 119.0,	 118.4,	 116.0,	 100.8,	 79.9,	 28.5,	 16.8,	 10.5;	 IR	

















































137	°C;	 1H	NMR	(250	MHz,	CDCl3) δ 8.08	–	8.05	 (m,	1H),	7.67	–	7.64	 (m,	1H),	
7.61	(br	s,	1H),	7.56	–	7.40	(m,	2H),	7.25	(s,	1H),	4.22	(q,	J	=	7.1	Hz,	2H),	3.83	(s,	
2H),	 2.81	 (s,	 3H),	 2.63	 (s,	 3H),	 1.30	 (d,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 196.4,	 171.0,	 128.2,	 128.0,	 126.9,	 126.6,	 126.2,	 123.7,	 122.9,	 122.2,	







172-174	 °C;	 1H	NMR	 (250	MHz,	CDCl3)	δ	8.08	–	8.04	 (m,	1H),	7.71	–	7.68	 (m,	
1H),	7.56	–	7.42	(m,	3H),	7.24	(s,	1H),	2.80	(s,	3H),	2.63	(s,	3H),	2.47	(d,	J	=	1.2	
Hz,	 3H);	 13C	NMR	 (63	MHz,	 CDCl3) δ 196.4,	 128.1,	 127.8,	 127.4,	 126.5,	 126.4,	
126.0,	 123.9,	 122.5,	 122.0,	 119.3,	 118.8,	 100.7,	 29.1,	 16.8,	 10.7;	 IR	






°C;	 1H	NMR	(250	MHz,	CDCl3) δ 7.64	–	7.61	 (m,	1H),	7.55	–	7.52	 (m,	1H),	7.40	–	
7.37	(m,	2H),	6.74	(s,	1H),	6.08	(t,	J	=	7.2	Hz,	1H),	4.17	(d,	J	=	7.2	Hz,	2H),	2.66	(s,	
3H),	 2.47	 (s,	 3H),	 2.19	 (s,	 3H);13C	 NMR	 (63	 MHz,	 CDCl3) δ 195.1,	 141.2,	 136.3,	










3H);	 13C	NMR	 (63	MHz,	 CDCl3) δ 169.9,	 165.2,	 140.9,	 136.3,	 133.9,	 131.7,	
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(CDCl3,	 63	 MHz) δ 165.9,	 128.2,	 127.7,	 127.3,	 127.2,	 126.4,	 125.9,	 123.7,	
122.2,	118.9,	118.7,	114.5,	100.6,	59.8,	16.8,	14.5,	10.4;	 IR	 (neat) ν: 1699.9	(C=O),	1249.9	(C-






















126.0,	 123.9,	 121.9,	 119.0,	 118.5,	 116.3,	 99.5,	 97.5,	 16.8,	 10.4;	 IR	























To	a	 solution	of	pyrrole	 (0.5	mmol)	 in	dry	dichloromethane,	 first	 generation	Grubbs	 catalyst	
(5%	mmol)	was	added.	 The	mixture	was	 stirred	 for	5	h	 and,	 then,	 the	 solvent	was	 removed	
under	reduced	pressure.	The	crude	residue	was	purified	by	flash	column	chromatography	on	





Prepared	 from	 pyrrole	1ad	 (0.2	mmol);	 yield:	 52	mg	 (67%);	 yellowish	 solid;	
mp:	87.2°C;	1H	NMR	(250	MHz,	CDCl3)	δ	7.56	–	7.17	(m,	5H),	6.50	(s,	1H),	5.90	
–	5.69	(m,	2H),	4.53	(m,	2H),	3.60	–	3.38	(m,	2H),	2.49	(br	s,	2H),	1.59	(s,	9H);	












(63	 MHz,	 CDCl3)	 δ	 165.48,	 141.2,	 133.0,	 132.9,	 131.9,	 129.5,	 128.4,	 127.4,	
125.7,	110.8,	109.7,	59.2,	44.3,	29.0,	27.0,	24.7,	14.5;	 IR	 (neat)	ν:	1689.4	(C=O),	1246.0	(C-O)	
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Ethyl-2-methyl-3-phenyl-5,6,9,10-tetrahydropyrrolo[1,2-a]azocine-1-carboxylate	(8d)	
	
























Polyheterocyclic	 derivatives	 with	 a	 ring-fusion	 nitrogen	 atom	 are	 interesting	
compounds	 in	 drug	 discovery	 programs.	 For	 this	 reason,	 new	 synthetic	methods	 for	







active	 compounds	 (Figure	 5.2). 76 	Lamellarine	 C	 is	 a	 member	 of	 the	 well-known	
lamellarine	 family	 of	 anticancer	 marine	 pyrrole	 alkaloids.	 Oleracein	 E	 is	 a	
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5.2.	Synthesis	of	pyrrole	substrates	
As	 previously	 mentioned,	 one	 of	 our	 objectives	 was	 the	 exploration	 of	 the	
intramolecular	 Diels-Alder	 strategy	 as	 a	 route	 towards	 pyrrole-based	 polycyclic	






As	 summarized	 in	 Scheme	 5.2,	 the	 1-allyl	 (homoallyl)-5-(2-furyl)	 pyrroles	 1d-1m	
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unsaturated	ester	unit	at	its	end	by	a	cross-metathesis	reaction	in	the	presence	of	the	












For	 this	 reason,	 we	 carried	 out	 the	 experiment	 under	 an	 argon	 atmosphere	 and	
obtained	 compound	9a	 as	 a	 single	 product	 in	 60%	yield.	Using	 these	 conditions,	we	
carried	 out	 a	 number	 of	 additional	 intramolecular	 Diels-Alder	 reactions,	 with	 the	
results	 summarized	 in	 Scheme	 5.4.	 These	 studies	 led,	 on	 one	 hand,	 to	 pyrrolo[2,1-
a]isoindoles	 10b-10e	 and	 10g,h,	 with	 a	 good	 degree	 of	 structural	 variability	 and	
normally	in	good	to	excellent	yields.	This	framework	has	received	little	attention	in	the	
literature,	with	only	a	few	scattered	examples	having	being	described.80	On	the	other	
hand,	 by	 starting	 from	 N-homoallyl	 pyrroles	 we	 also	 obtained	 the	 pyrrolo[2,1-
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pharmacologically	 active	 compounds81	and	 natural	 products.82	Even	 if	 several	 entries	






U.S.	 Patent,	 4,837,328,	 1989.	 (b)	 Sorgi,	 K.	 L.;	 Maryanoff,	 C.	 A.;	 McComsey,	 D.	 F.;	 Graden,	 D.	W.;	




selected	more	 recent	methods,	 see:	 (b)	 Su,	 S.;	Porco,	 J.	A.	 J.	Am.	Chem.	Soc.,	2007,	129,	 7744;	 (c)	
Naskar,	S.;	Banerjee,	M.;	Hazra,	A.;	Mondal,	S.;	Maity,	A.;	Paira,	R.;	Sahu,	K.	B.;	Saha,	P.;	Banerjee,	S.;	































































10f, 87% 10g, 70% 10h, 60%































gradient	 from	 petroleum	 ether	 to	 8:2	 petroleum	 ether-ethyl	 acetate	 afforded	 the	










MHz,	 CDCl3) δ 194.9,	 165.9,	 146.4,	 143.3,	 142.0,	 136.4,	 123.8,	 122.9,	 121.1,	 111.2,	
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MHz,	 CDCl3) δ 166.2,	 166.0,	 146.6,	 143.1,	 142.4,	 137.6,	 124.1,	 122.7,	 112.9,	 111.6,	
110.8,	 107.9,	 61.1,	 51.4,	 46.1,	 14.6,	 11.4;	 IR	 (neat) ν: 2930.8,	 2859.8	 (C-H),	 1712.1	











Hz,	 3H),	 1.21	 –	 1.15	 (m,	 6H);	 13C	NMR	 (63	MHz,	 CDCl3) δ 170.1,	 166.1,	 165.1,	 146.3,	
143.1,	 142.6,	 132.8,	 125.1,	 122.8,	 115.0,	 111.6,	 111.1,	 108.3,	 61.8,	 61.1,	 60.3,	 46.3,	
31.6,	14.8,	14.6	(x2C);	IR	(neat) ν: 2979.0,	2835.4	(C-H),	1670.2,	1667.7	(C=O),	1244.2,	
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1.29	(t,	J	=	7.1	Hz,	3H);	 13C	NMR	(63	MHz,	CDCl3) δ 165.7,	164.7,	146.2,	142.7,	141.9,	
136.8,	 123.5,	 122.2,	 113.3,	 111.1,	 110.6,	 107.3,	 66.7,	 60.7,	 45.6,	 22.1,	 14.1,	 11.0;	 IR	







Prepared	 from	pyrrole	1i	 (0.5	mmol);	yield:	142	mg	 (68%);	yellowish	
oil;	 1H	NMR	 (250	MHz,	CDCl3) δ 7.50	–	7.44	 (m,	1H),	6.90	–	6.76	 (m,	
2H),	6.49	–	6.41	(m,	2H),	5.82	(dt,	J	=	15.7,	1.4	Hz,	1H),	4.23	(dd,	J	=	
20.5,	7.1	Hz,	10H),	2.63	–	2.48	(m,	2H),	1.36	–	1.26	(m,	9H);	13C	NMR	
(63	 MHz,	 CDCl3) δ 169.7,	 165.8,	 164.6,	 146.3,	 143.2,	 141.9,	 132.1,	
124.0,	123.7,	114.0,	111.2,	110.9,	107.9,	61.2,	60.3,	59.6,	43.6,	33.2,	
31.1,	14.3,	14.1,	14.1;	IR	(neat) ν: 2980.6,	2978.3	(C-H),	1714.4,	1709.8	(C=O),	1249.1,	






Prepared	 from	 pyrrole	 1j	 (52	 mg,	 0.2	 mmol);	 yield:	 59	 mg	 (89%);	
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MHz,	 CDCl3) δ 195.2,	 165.9,	 141.5,	 134.2,	 133.0,	 128.6,	 126.7,	 126.1,	 124.8,	 122.9,	











3H),	 2.57	 (s,	 5H),	 1.28	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	 MHz,	
CDCl3) δ 165.9,	 165.6,	 146.6,	 143.5,	 141.9,	 137.0,	 123.8,	 123.2,	 112.0,	 111.2,	 110.6,	







Prepared	 from	 pyrrole	 1l	 (55	 mg,	 0.2	 mmol);	 yield:	 59	 mg	 (85%);	






107.6,	 60.4,	 59.5,	 43.4,	 33.3,	 14.5,	 14.2,	 11.2;	 IR	 (neat)	ν:	1707.2	 and	 1606.8	 (C=O),	
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A	solution	of	the	suitable	compound	9a-9j	(0.2	mmol)	in	xylene	(1	mL)	was	refluxed	for	
36	 h	 under	 argon	 atmosphere.	 The	 solvent	 was	 removed	 under	 reduced	 pressure.	
Purification	of	the	residue	by	flash	column	chromatography	on	silica	gel,	eluting	with	a	










129.6,	 128.3,	 127.8,	 126.8,	 126.2,	 121.7,	 105.7,	 61.0,	 39.9,	 28.6,	 26.0,	 14.3,	 11.4;	 IR	
(neat) ν: 1678.9	(C=O),	1234.0	(C-O)	cm-1;	elemental	analysis	(%)	calcd.	for	C18H19NO3:	
C	72.71	H	6.44,	N	4.71;	found:	C	73.03,	H	6.58,	N	4.57.	





Prepared	 from	 pyrrole	 9b	 (0.2	 mmol);	 yield:	 31	 mg	 (52%);	 yellowish	




128.6,	 126.5,	 126.0,	 123.0,	 115.3,	 100.1,	 61.2,	 50.8,	 50.4,	 14.3,	 12.0;	 IR	








1.1	Hz,	1H),	7.71	 (dd,	 J	 =	7.6,	1.1	Hz,	1H),	7.47	 (t,	 J	 =	7.6	Hz,	1H),	
6.80	(s,	1H),	5.27	(s,	2H),	4.44	(q,	J	=	7.1	Hz,	2H),	4.32	(q,	J	=	7.1	Hz,	
2H),	4.24	–	4.19	(m,	4H),	1.46	(t,	J	=	7.1	Hz,	3H),	1.40	(d,	J	=	7.1	Hz,	
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135.7,	 134.1,	 128.6,	 128.5,	 126.8,	 125.9,	 123.1,	 117.2,	 100.4,	 61.2,	 59.7,	 50.9,	 32.0,	
14.4,	 14.3,	 14.2.;	 IR	 (neat) ν: 2980.8,	 2934.1	 (C-H),	 1714.3,	 1710.1	 (C=O),	 1244.2,	









(t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	 MHz,	 CDCl3) δ 165.9,	 165.1,	 141.6,	






Prepared	 from	 pyrrole	 9e	 (0.2	mmol);	 yield:	 56	mg	 (87%);	 yellowish	




CDCl3) δ 166.0,	 165.2,	 141.6,	 134.5,	 134.3,	 133.1,	 128.6,	 126.4,	 126.0,	 122.9,	 116.1,	
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(t,	 J	 =	 7.1	 Hz,	 3H),	 1.40	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	 MHz,	























6.6	 Hz,	 2H),	 2.50	 (s,	 3H),	 1.33	 (t,	 J	 =	 7.1	 Hz,	 3H);	 13C	 NMR	 (63	MHz,	
CDCl3) δ 167.4,	 165.8,	 135.7,	 131.5,	 130.1,	 129.5,	 128.1,	 128.0,	 126.7,	 126.3,	 112.4,	
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Diethyl	3-methyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-2,7-dicarboxylate	(10j)	
	




(s,	3H),	1.43	 (t,	 J	=	7.1	Hz,	3H),	1.40	 (t,	 J	=	7.1	Hz,	3H);	 13C	NMR	(63	

































an	 acetal	 group	 opens	 up	 the	 possibility	 to	 readily	 generate	 oxonium	 species	 by	
treatment	 with	 Brønsted	 or	 Lewis	 acids.	 These	 intermediates	 can	 be	 suitable	
substrates	 for	 ring-creation	processes	 leading	 to	 fused	pyrrole	systems	by	cyclization	
onto	 the	 C-2	 or	 C-5	 substituents,	 leading	 respectively,	 to	 pyrrolizine	 and	 related	










































Alkaloids	 derived	 from	 the	 pyrrolizine,	 dihydropyrrolizine	 and	 pyrrolizidine	 ring	
systems	(Figure	6.1)	are	very	abundant	in	the	Asteraceae,	Boraginaceae	and	Fabaceae	






As	 shown	 in	 Figure	 6.2,	 some	 other	 more	 complex	 alkaloids	 as	 for	 example	 the	
antitumor	 antibiotic	 mitomycin	 C85	contain	 the	 structural	 core	 of	 pyrrolizidine.	 The	
dihydropyrrolizine	moiety	 has	 been	 employed	 for	 the	 generation	 of	 arylacetic	 acids	
with	analgesic,	antipyretic	and	anti-inflammatory	activities.86	For	instance,	ketorolac	is	
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The	 most	 commonly	 employed	 methods	 for	 the	 synthesis	 of	 pyrrolizine	 or	
dihydropyrrolizine89	are	 based	 on	 the	 formation	 of	 the	 1-2	 bond	 by	 intramolecular	
anion	 alkylation	 reactions,	 or	 by	 intramolecular	 Wittig	 reactions.	 Other	 strategies	
involve	the	creation	of	the	4-5	bond	by	intramolecular	condensation	reactions	(Figure	
6.3).	 In	all	cases,	the	preparation	of	the	starting	pyrrole	derivative	 is	carried	out	by	a	














In	 our	 approach,	 the	 final	 stage	 is	 based	 on	 a	 5-exo-trig	 cyclization	 of	 an	 oxonium	
intermediate,	 generated	 from	 a	 starting	 acetal.	 The	 preparation	 of	 suitable	 starting	
pyrroles	 has	 been	 previously	 described	 using	 under	 our	 mechanochemical	 three-
component	 pyrrole	 synthesis	 from	 dialkoxyalkylamines,	 a	 ketone	 and	 a	 symmetrical	
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by	formation	of	the	corresponding	trimethylsilyl	enol	ether	with	trimethylsilyl	chloride,	
and	 the	 simultaneous	 generation	 of	 an	 oxonium	 cation	 by	 treatment	 of	 the	 acetal	








the	 conditions	 to	 combine	 trimethylsilyl	 chloride	 (X	=	Cl)	 to	generate	 intermediate	 I,	
followed	 by	 a	 catalytic	 amount	 (0.2	 to	 0.4	 equivalents)	 of	 trimethylsilyl	 triflate	 (Y	 =	
OTf),	 but	 again	 these	 attempts	were	 unsuccessful.	 Finally	 we	 found	 that	 the	 use	 of	
trimethylsilyl	 chloride	 (X	 =	 Cl)	 followed	 by	 an	 over-stoichiometric	 amount	 of	
trimethylsilyl	triflate	(X	=	Y	=	OTf)	led	to	the	desired	cyclization.	It	is	important	to	note	
that	the	order	of	addition	of	the	reagents	needs	to	be	as	follows:	first	the	trimethylsilyl	
chloride	 and	 the	 triethylamine	 are	 added	 and,	 at	 least	 one	hour	 later	 to	 ensure	 the	



































































Treatment	 of	 the	 crude	 compounds	 11	 with	 1.2	 equivalents	 of	 LDA	 at	 room	































1) ClTMS (1.1 eq.), 
Et3N (1.1 eq.), 1 h
2) TfOTMS (2,5 eq.)
argon atm, 
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6.3.	 Cyclization	 onto	 a	 C-5	 aryl	 substituent.	 Synthesis	 of	 pyrrolo[2,1-a]isoquinoline	
and	related	frameworks	
6.3.1.	Introduction	
Polyheterocyclic	 scaffolds,	 and	 in	 particular	 heterocycles	 with	 a	 ring-fusion	 nitrogen	
atom,	are	increasingly	attractive	in	drug	discovery	programs90	and	there	is	therefore	a	
demand	 for	 synthetic	 methods	 allowing	 their	 rapid	 and	 efficient	 construction	 from	
simple	 starting	materials.91	Among	 these	 ring	 systems,	 the	pyrrolo[2,1-a]isoquinoline	
scaffold	 constitutes	 the	 structural	 core	 of	 a	 large	 family	 of	 alkaloids, 92 	including	
lamellarine	 D,	 a	 potent	 topoisomerase	 I	 inhibitor, 93 	annosqualine,	 crispine	 A,	
antitumor	 alkaloids,	 and	 trolline,94	known	 in	 the	 traditional	 Chinese	 medicine	 for	
having	effect	against	respiratory	infections	(Figure	6.4).	Its	unnatural	derivatives	have	





Despite	 the	 existence	 of	 several	 synthetic	 approaches	 to	 the	 fully	 unsaturated	














93	 For	 reviews,	 see:	 (a)	 Fukuda,	 T.;	 Ishibashi,	 F.;	 Iwao,	 M.	 Heterocycles,	 2011,	 83,	 491.	 (b)	 Pla,	 D.;	
Albericio,	F.;	Álvarez,	M.	Med.	Chem.	Commun.,	2011,	2,	689.	
94	 Zhao	Y.-X.;	Ding	X.-B.	Yaoxue	Xuebao,	2004,	39,	598.	
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strategies	 and	 normally	 require	 harsh	 reaction	 conditions.98	Among	 them,	 the	 most	
general	 method	 is	 based	 on	 1,3-dipolar	 cycloadditions	 between	 isoquinolinium	 N-
ylides	and	alkynes99,	or	a	Pd(II)-catalyzed	protocol	for	the	alkylation	of	the	phenyl	ring	
2-phenylpyrroles,	followed	by	allylation	and	a	“Pd-induced	pyrrole	addition”	(Scheme	
6.7). 100 	Lamellarin	 precursors	 or	 derivatives	 are	 usually	 synthesized	 by	 multistep	
procedures	 starting	 from	 suitable	methyl	 pyrrole-2-carboxylate	 derivatives,	 including	
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6.3.2.	Preparation	of	pyrrolo[2,1-a]isoquinolines	and	related	frameworks	








with	 only	 TMSOTf	 as	 catalyst	 in	 a	 large	 excess	 of	 1.5	 equivalents	 and	 observed	 the	
presence	of	14a	as	the	only	significant	component	of	the	reaction	crude.	On	this	basis,	
we	 undertook	 an	 optimization	 study	 that	 is	 summarized	 in	 Table	 6.1.	 The	 usual	
conditions	 for	 the	Pomeranz-Fritsch	 isoquinoline	 synthesis	 require	 the	 use	 of	 strong	
Brønsted	 acids	 but,	 because	 of	 the	 success	 of	 the	 experiment	with	 TMSOTf	 and	 the	
potential	low	stability	of	pyrrole	derivatives	under	such	harsh	conditions,	we	sought	to	
perform	our	 transformation	 in	 the	presence	of	 Lewis	 acids.	Thus,	 the	preparation	of	
model	compound	14a	from	the	corresponding	pyrrole	1y	was	assayed	in	the	presence	
of	 a	 large	 excess	 of	 aluminium	 trichloride	 in	 dichloroethane,103	with	 modest	 yields	
(Table	6.1,	entries	1	and	2).	In	the	presence	of	excess	boron	trifluoride	etherate	in	1,4-
dioxane,104	the	reaction	failed	at	room	temperature	(entry	3)	but	afforded	14a	 in	69%	
yield	 at	 120	 °C.	 In	 an	 effort	 to	 improve	 this	 result,	 we	 resorted	 to	 the	 previously	
employed	 trimethylsilyl	 triflate,	 which	 is	 well	 known	 to	 activate	 acetals	 via	 the	













1) ClTMS (1.1 eq.), 
    Et3N (1.1 eq.), 1 h
2) TfOTMS (2,5 eq.)


























Entry	 Catalyst	(%)	 Conditions	 Yield,	%	
1	 AlCl3	(400)	 DCE,	rt,	8	h	(Ar)	 30	
2	 AlCl3	(400)	 DCE,	rt,	24	h	(Ar)	 50	
3	 BF3.Et2O	(500)	 Dioxane,	rt,	4	h	(Ar)	 0	
4	 BF3.Et2O	(500)	 Dioxane,	120	°C,	0.5	h	(Ar)	 69	
5	 TfOTMS	(150)	 DCM,	rt,	5	min	(Ar)	 90	
6	 TfOTMS	(100)	 DCM,	rt,	5	min	(air)	 89	
7	 TfOTMS	(50)	 DCM,	rt,	5	min	(air)	 88	
8	 TfOTMS	(15)	 DCM,	rt,	5	min	(air)	 89	
	
In	 order	 to	 study	 the	 scope	 of	 this	 transformation,	 we	 needed	 a	 library	 of	 pyrroles	
bearing	 a	 2,2-dimethoxyethyl	 substituent	 on	 nitrogen	 (compounds	 13),	 which	 were	
prepared	under	our	usual	conditions	(Scheme	6.9).	It	is	interesting	to	highlight	that,	as	
previously	 mentioned,	 the	 mildness	 of	 the	 reaction	 conditions	 and	 the	 absence	 of	














Using	 the	 optimized	 conditions,	 we	 studied	 the	 scope	 of	 the	 TMSOTf-promoted	
Pommeranz-Fritzsch	reaction	on	these	structurally	varied	substrates,	which	allowed	us	
to	study	the	influence	of	the	nature	of	the	substituents	on	the	C-5	aromatic	ring	on	the	
electrophilic	 aromatic	 substitution	 step.	We	 found	 that	 the	 reaction	 allowed	 a	 wide	
range	 of	 substitutions	 working	 well	 with	 unsubstituted	 phenyl	 derivatives	 (14a-14c)	
and	 also	when	electron-releasing	 groups	were	 present	 on	 the	 C-5	 substituent	 (14d).	
Interestingly,	 the	 presence	 of	 electron-withdrawing	 groups	 did	 not	 hamper	 the	





























































































13a, 82% 13b, 87% 13c = 1ab, 88% 13d, 80%
13e, 79% 13f, 69% 13g, 69% 13h  = 1z, 75%
13i, 72% 13j, 69% 13k, 65% 13l, 69%
13m, 70% 13n, 72% 13o, 80% 13p, 79%
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and	 iodo-	 (14i,	14j)	derivatives.	These	substituents	are	synthetically	 relevant	because	







no	 loss	 in	 efficiency	 and	 yields.	 Literature	 precedent	 for	 these	 frameworks	 is	 very	


































































































TMSOTf (15 mol%), 
 DCM, 20 °C, 10 min
14a-14s
14a, 90% 14b, 90% 14c, 90% 14d, 84%
14e, 80% 14f, 90% 14g, 65% 14h, 75%
14i, 69% 14j, 86% 14ka, 80%, at rt
14l, 85% 14m, 70% 14n, 85% 14o, 70%
14p, 82% 14q, 76% 14r, 83% 14s, 80%
 (a 8:2 14ka/14kb mixture 
was obtained at 40 °C)
	
	
102	 	 	 	 	 		
allowed	 the	 synthesis	 of	 compounds	 14p-14s,	 derived	 from	 the	 hitherto	 unknown	
benzo[de]pyrrolo[3,2,1-ij]quinoline	framework.	






























































TMSOTf (15 mol%), 









14tb (a 2:1 14ta/14tb 




































The	 required	 amount	 of	 the	 chosen	 pyrrole	1y-1ac	 (1	 eq)	 is	 added	 to	 a	 round	 bottom	 flask	
under	argon	atmosphere.	Then	1	ml	of	anhydrous	DCM	was	added	and	was	followed	by	TMS	





well	 extracted.	 Finally,	 the	 organic	 phase	 are	 dried	 with	 anhydrous	 sodium	 sulphate	 and	
concentrated	under	vacuum.	The	product	obtained	 is	purified	by	 flash	column	using	hexane:	
ethyl	acetate	as	the	mobile	phase.	For	compounds	11b-11e	only	the	work-up	has	been	done	








1.39	 –	 1.25	 (m,	 12H);	 13C	NMR	 (63	MHz,	 CDCl3)	 δ	 170.6,	 168.7,	 164.3,	
138.7,	 138.3,	 132.0,	 131.9,	 130.6,	 130.1,	 128.8,	 128.8,	 128.3,	 127.0,	
126.9,	 126.1,	 126.1,	 111.8,	 110.9,	 110.3,	 110.1,	 86.9,	 83.4,	 61.5,	 61.1,	 59.7,	 59.6,	 58.8,	 57.2,	
53.1,	 51.0,	 50.9,	 48.2,	 14.5,	 14.3,	 14.2;	 IR	 (neat) ν: 3099.9	 (C-H),	 1766.5	 and	 1733.6	 (C=O),	









MHz,	 CDCl3)	 δ	 170.6,	 164.3,	 138.7,	 132.0,	 130.1,	 128.8,	 126.9,	 126.0,	
111.9,	110.1,	86.9,	61.4,	59.6,	57.2,	53.1,	51.0,	14.5,	14.1;	 IR	 (neat) ν: 	 3140.2,	2955.5	 (C-H),	














1) ClTMS (1.1 eq.), 
Et3N (1.1 eq.), 1 h
2) TfOTMS (2,5 eq.)
argon atm, 
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J	=	10.3,	7.1	Hz,	1H),	4.34	–	4.19	(m,	5H),	3.55	(s,	3H),	1.34	(dd,	J	=	12.2,	7.1	Hz,	6H);	13C	NMR	
(63	MHz,	CDCl3)	 δ	 168.7,	 164.3,	 138.3,	 132.0,	 130.6,	 128.8,	 127.0,	 126.1,	 110.9,	 110.3,	 83.4,	






















(63	MHz,	 CDCl3)	 δ	 164.2,	 141.2,	 133.1,	 132.1,	 131.8,	 130.8,	 130.3,	
126.3,	 120.9,	 112.5,	 107.7,	 52.9,	 52.5,	 51.3;	 IR	 (neat) ν: 	 3140.2,	 2955.5	 (C-H),	 1655.2	 and	














































































60	 min	 at	 room	 temperature.	 Then,	 a	 mixture	 of	 aminoacetaldehyde	 dimethyl	 acetal	 (1.0	






reduced	 pressure.	 Purification	 by	 flash	 column	 chromatography	 on	 silica	 gel	 eluting	 with	 a	
gradient	 from	 petroleum	 ether	 to	 8:2	 petroleum	 ether-ethyl	 acetate	 afforded	 the	 desired	





Prepared	 from	 acetophenone	 (0.5	 mmol),	 aminoacetaldehyde	 dimethyl	




129.5,	 128.4,	 127.6,	 112.0,	 110.0,	 104.1,	 59.3,	 55.1,	 46.4,	 14.4,	 11.8;	 IR	 (neat) ν: 	 	3013.5,	

















NIS, TsOH (10 mol%),         






























(250	 MHz,	 CDCl3)	 δ	 165.8,	 137.7,	 133.6,	 132.7,	 129.4,	 128.4,	 127.5,	 111.6,	
109.9,	104.0,	55.0,	50.5,	46.4,	11.7;	IR	(neat)	ν:		2947.0	and	2835.4	(C-H),	1695.7	(C=O),	1244.2	






Prepared	 from	 acetophenone	 (0.5	 mmol),	 aminoacetaldehyde	 dimethyl	
acetal	(1	mmol)	and	dimethyl-1,3-acetonedicarboxylate	(0.75	mmol);	yield:	










Prepared	 from	 4 -methoxyacetophenone	 (0.5	 mmol),	
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1-(1-(2,2-Dimethoxyethyl)-5-(4-fluorophenyl)-2-methyl-1H-pyrrol-3-yl)ethan-1-one	(13e)	
	
Prepared	 from	 4 -fluoroacetophenone	 (0.5	 mmol),	 aminoacetaldehyde	
dimethyl	 acetal	 (1	 mmol)	 and	 acetylacetone	 (0.75	 mmol);	 yield:	 127	 mg	
(79%);	 orange	 solid;	mp:	 106-108	 °C;	 1H	 NMR	 (250	MHz,	 CDCl3)	 δ	 7.46	 –	
7.33	(m,	2H),	7.23	–	7.05	(m,	2H),	6.53	(s,	1H),	4.17	(t,	J	=	5.3	Hz,	1H),	4.02	
(d,	J	=	5.3	Hz,	2H),	3.82	(s,	3H),	3.18	(s,	6H),	2.65	(s,	3H);	13C	NMR	(63	MHz,	
CDCl3)	δ	 165.8,	 164.2	 –	 160.3	 (d,	 J	 =	 248.2	Hz),	 137.6,	 132.6,	 131.4	–	 131.3	 (d,	 J	 =	 8.12	Hz),	
128.9	–	128.8	(d,	J	=	3.1	Hz),	115.6	–	115.2	(d,	J	=	21.4	Hz),	111.7,	110.1,	104.0,	55.2,	50.7,	46.4,	
11.7;	IR	(neat) ν: 2972.8,	2945.2,	2840.1	(C-H),	1691.3	(C=O),	1242.5,	1192.0	(C-O),	1129.1	(C-





Prepared	 from	 4 -chloroacetophenone	 (0.5	 mmol),	 aminoacetaldehyde	











dimethyl	 acetal	 (1	mmol)	 and	methyl	 acetoacetate	 (0.75	mmol);	 yield:	
131	mg	 (69%);	 white	 solid;	mp:	 91-93	 °C;	1H	 NMR	 (250	MHz,	 CDCl3)	 δ	
7.61	–	7.53	(m,	2H),	7.33	–	7.26	(m,	2H),	6.56	(s,	1H),	4.19	(t,	J	=	5.3	Hz,	
1H),	4.04	 (d,	 J	 =	5.3	Hz,	2H),	3.83	 (s,	3H),	3.20	 (s,	6H),	2.66	 (s,	3H);	 13C	








Prepared	 from	 4 -bromoacetophenone	 (0.5	 mmol),	 aminoacetaldehyde	
dimethyl	 acetal	 (1	 mmol)	 and	 dimethyl-1,3-acetonedicarboxylate	 (0.75	
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3H),	3.17	 (s,	6H);	 13C	NMR	(63	MHz,	CDCl3)	δ	170.5,	165.1,	133.4,	133.3,	131.6,	131.4,	131.1,	
122.0,	113.5,	110.5,	103.9,	55.1,	52.0,	50.8,	46.9,	31.1;	IR	(neat) ν: 	2982.1,	2952.6,	2905.6	(C-





Prepared	 from	 4 -iodoacetophenone	 (0.5	 mmol),	 aminoacetaldehyde	
dimethyl	 acetal	 (1	mmol)	 and	 acetylacetone	 (0.75	mmol);	 yield:	 149	mg	
(72%);	 orange	 solid;	mp:	 121-123	 °C;	 1H	NMR	 (250	MHz,	 CDCl3)	δ	 7.81	 –	
7.70	(m,	2H),	7.23	–	7.11	(m,	2H),	6.50	(s,	1H),	4.23	(t,	J	=	5.3	Hz,	1H),	4.04	
(d,	J	=	5.3	Hz,	2H),	3.20	(s,	6H),	2.66	(s,	3H),	2.43	(s,	3H);	13C	NMR	(63	MHz,	
CDCl3)	δ	 194.9,	 137.6,	 137.3,	 132.4,	 132.2,	 131.2,	 121.0,	 110.9,	 103.7,	 93.3,	 55.1,	 46.2,	 28.5,	
























111.0,	 103.8,	 55.2,	 50.8,	 46.7,	 11.8;	 IR	 (neat) ν: 	 2992.8,	 2848.0,	 2835.9	 (C-H),	 1699.4	 (C=O),	
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Ethyl	1-(2,2-dimethoxyethyl)-2-methyl-5-(thiophen-2-yl)-1H-pyrrole-3-carboxylate	(13l)	
	
Prepared	 from	 2-acetylthiophene	 (0.5	mmol),	 aminoacetaldehyde	 dimethyl	










Prepared	 from	 3-acetylindole	 (0.5	 mmol),	 aminoacetaldehyde	 dimethyl	




3H),	 3.17	 (s,	 6H),	 2.72	 (s,	 3H);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 166.3,	 137.3,	 135.7,	 127.6,	 126.2,	
124.1,	122.5,	120.2,	119.5,	111.6,	111.2,	110.6,	108.1,	104.3,	55.2,	50.7,	46.8,	11.9;	IR	(neat) ν: 	





Prepared	 from	 2-acetylnaphtalene	 (0.5	 mmol),	 aminoacetaldehyde	











Prepared	 from	 2-acetylfluorene	 (0.5	 mmol),	 aminoacetaldehyde	
dimethyl	acetal	 (1	mmol)	and	ethyl	acetoacetate	 (0.75	mmol);	yield:	
162	 mg	 (80%);	 yellowish	 solid;	 mp:	 89-91	 °C;	 1H	 NMR	 (250	 MHz,	
CDCl3)	δ	7.84	(m,	3.3	Hz,	2H),	7.60	(m,	2H),	7.48	–	7.32	(m,	3H),	6.66	
(s,	1H),	4.34	(q,	J	=	7.1	Hz,	2H),	4.25	–	4.17	(m,	1H),	4.14	(m,	2H),	3.97	




































1H),	4.36	 (d,	 J	=	5.2	Hz,	2H),	3.86	 (s,	3H),	3.36	 (s,	6H),	3.02	–	2.90	 (m,	2H),	
2.90	–	2.79	(m,	2H),	2.68	(s,	3H);	13C	NMR	(63	MHz,	CDCl3)	δ	166.5,	139.1,	136.7,	129.3,	128.5,	
128.1,	126.6,	125.1,	123.9,	120.3,	109.8,	104.3,	55.4,	50.5,	48.1,	30.8,	21.6,	12.1;	IR	(neat) ν: 	







acetal	 (1	mmol)	 and	methyl	 acetoacetate	 (0.75	mmol);	 yield:	 123	mg	 (72%);	
green	oil;	1H	NMR	 (250	MHz,	 CDCl3)	 d	 7.57	 (d,	 J	 =	 7.7	Hz,	 1H),	 7.22	 (m,	 3H),	
4.58	(t,	J	=	5.1	Hz,	1H),	4.37	(d,	J	=	5.1	Hz,	2H),	3.85	(s,	3H),	3.35	(s,	3H),	3.33	(s,	
3H),	3.10	–	2.80	 (m,	3H),	2.67	 (s,	3H),	1.26	 (d,	 J	=	7.5	Hz,	3H);	 13C	NMR	(250	
MHz,	 CDCl3)	 d	 166.5,	 141.3,	 139.2,	 128.4,	 127.3,	 127.1,	 126.3,	 125.3,	 122.3,	 120.5,	 110.3,	
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Prepared	 from	 5,7-Dimethyl-1-tetralone	 (0.5	 mmol),	 aminoacetaldehyde	












Prepared	 from	 1,3-diacetylbenzene	 (0.5	mmol),	 aminoacetaldehyde	
dimethyl	acetal	(2	mmol)	and	methyl	acetoacetate	(1.5	mmol);	yield:	




104.1,	55.1,	50.7,	46.6,	11.8;	 IR	 (neat) ν: 	2920.2,	2843.3	 (C-H),	1695.5	 (C=O),	1245.8,	1213.5	
(C-O)	 cm-1;	 HRMS	 calcd.	 for	 C28H36N2O8	 (M


























To	 a	 round	 bottom	 flask	 was	 added	 the	 corresponding	 pyrrole	 derivative	 13	 (1.0	 eq),	












MHz,	 CDCl3)	 δ	 165.8,	 128.4,	 127.8,	 127.7,	 126.9,	 126.4,	 126.3,	 126.0,	 122.0,	 120.9,	 114.9,	
112.7,	100.7,	59.9,	14.5,	10.4;	IR	(neat)	ν:		3052.8,	2980.5,	2937.8	(C-H),	1689.9	(C=O),	1296.0,	






























TMSOTf (15 mol%), 
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52.4,	 51.4,	 30.4;	 IR	 (neat)	 ν:		2994.3,	 2948.8,	 2843.1	 (C-H),	 1725.5,	 1695.5	 (C=O),	 1239.9,	









158.0,	 128.6,	 127.8,	 126.3,	 123.4,	 122.8,	 121.3,	 120.3,	 116.8,	 113.0,	 108.9,	 99.1,	 55.4,	 29.1,	






Prepared	 from	pyrrole	13e	 (0.2	mmol);	 yield:	 41	mg	 (80%);	 yellowish	 solid;	
mp:	82-84	°C;	1H	NMR	(250	MHz,	CDCl3)	δ	8.02	–	7.96	(m,	1H),	7.66	(d,	J	=	7.6	
Hz,	1H),	7.28	–	7.18	(m,	3H),	6.79	(d,	J	=	7.6	Hz,	1H),	3.93	(s,	3H),	2.80	(s,	3H);	
13C	NMR	(63	MHz,	CDCl3)	d	166.1,	161.0	 (d,	 J	=	245.7	Hz),	128.0	 (d,	 J	=	16.4	
Hz),	124.0	(d,	J	=	8.2	Hz),	123.0	 ,	122.1,	116.3,	115.9,	114.9,	112.3,	112.0,	111.9,	100.2,	51.2,	
10.4;	 19F	 NMR	 (235	 MHz,	 CDCl3)	 δ -115.67,	 -115.72,	 -115.75,	 -115.78,	 -115.81;	 IR	 (neat) ν: 	
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166.0,	130.9,	129.3,	128.2,	128.0,	127.9,	125.2,	123.6,	122.0,	119.4,	115.0,	111.6,	101.2,	51.3,	





Prepared	 from	 pyrrole	 13h	 (0.2	mmol);	 yield:	 56	mg	 (75%);	 white	 solid;	
mp:	199-201	°C;	1H	NMR	(250	MHz,	CDCl3)	δ	7.90	(d,	J	=	8.5	Hz,	1H),	7.73	
(d,	J	=	1.8	Hz,	1H),	7.69	(d,	J	=	7.6	Hz,	1H),	7.60	(dd,	J	=	8.5,	1.8	Hz,	1H),	7.38	
(s,	1H),	6.80	 (d,	 J	=	7.6	Hz,	1H),	4.47	 (s,	2H),	3.94	 (s,	3H),	3.74	 (s,	3H);	13C	
NMR	 (63	MHz,	CDCl3)	δ	 169.9,	 165.5,	 131.0,	 129.3,	 128.9,	 128.1,	 125.0,	 123.7,	 123.7,	 122.1,	









13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 196.2,	 136.4,	 135.5,	 128.2,	 127.7,	 127.4,	 125.6,	










128.9,	 128.6,	 128.1,	 127.5,	 127.3,	 126.3,	 121.2,	 113.9,	 113.1,	 106.5,	 89.6,	 51.2,	 10.5;	 IR	
(neat) ν: 	 	3079.2,	 2946.4,	 2909.7	 (C-H),	 1697.4	 (C=O),	 1231.1	 (C-O),	 1056.6	 (C-I)	 cm-1;	
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127.3,	126.2,	125.7,	122.8,	121.3,	115.7,	108.8,	101.9,	51.3,	10.4;	 IR	(neat) ν: 	2922.4,	2853.2	
(C-H),	1694.7	 (C=O),	1237.8	 (C-O)	cm-1;	ESI-MS:	 (m/z)	330.0	 (M++Na);	elemental	 	analysis	 (%)	
calcd.	for	C15H11Cl2NO2:	C,	58.47;	H,	3.60;	N,	4.55;	found:	C,	58.42;	H,	3.54;	N,	4.49.	
When	the	reaction	was	carried	out	at	40°C,	a	8:2	mixture	of	14ka	and	a	second	regioisomer	




1H	NMR	 (250	MHz,	CDCl3)	δ	7.99	 (s,	 1H),	7.60	–	7.57	 (m,	2H),	7.26	 (s,	 1H),	
6.69	 (d,	 1H),	 3.94	 (s,	 3H),	 2.78	 (s,	 3H);	 13C	 NMR	 (63	MHz,	 CDCl3)	 δ	 165.7,	
131.7,	 130.1,	 129.6,	 129.0,	 128.7,	 128.2,	 128.0,	 127.2,	 126.6,	 126.1,	 125.9,	





Prepared	 from	pyrrole	13l	 (0.2	mmol);	 yield:	 65	mg	 (85%);	 green	 solid;	mp:	




(neat) ν: 	 3112.4,	 2971.5,	 2909.8,	 2858.4	 (C-H),	 1691.2	 (C=O),	 1228.4,	 1203.8	 (C-O)	 cm-1;	






237-239	 °C;	1H	NMR	 (250	MHz,	Acetone-d)	δ	 10.70	 (br	 s,	 1H),	 8.12	 (dd,	 J	 =	
7.9,	1.1	Hz,	1H),	8.01	(d,	J	=	7.6	Hz,	2H),	7.64	–	7.55	(m,	1H),	7.33	–	7.13	(m,	









































δ	 165.8,	 143.4,	 143.3,	 141.1,	 140.2,	 128.9,	 127.6,	 127.0,	 126.9,	 125.6,	 125.5,	 125.1,	 120.4,	
119.9,	118.1,	117.6,	114.9,	113.2,	100.5,	59.8,	36.8,	14.5,	10.5;	IR	(neat) ν: 	2924.3,	2854.3	(C-
H),	 1695.6	 (C=O),	 1232.0	 (C-O)	 cm-1;	 HRMS	 calcd	 for	 C23H19NO2	 (M
++H):	 342.1488,	 found	







(d,	 J	=	7.6	Hz,	1H),	3.95	 (s,	3H),	3.33	–	3.27	 (m,	4H),	2.80	 (s,	3H);	13C	NMR	 (63	
MHz,	 CDCl3)	 δ	 166.9,	 131.7,	 127.7,	 126.6,	 126.1,	 125.7,	 124.4,	 123.4,	 123.0,	
120.7,	 112.5,	 112.4,	 112.1,	 50.9,	 27.9,	 22.2,	 10.4;	 IR	 (neat) ν: 	 2913.5,	 2853.2	 (C-H),	 1687.1	





Prepared	 from	pyrrole	13q	 (0.2	mmol);	 yield:	 42	mg	 (76%);	 dark	 yellow	 solid;	
mp:	77-79	°C;	1H	NMR	(250	MHz,	CDCl3)	δ	7.50	(d,	J	=	7.6	Hz,	1H),	7.40	–	7.30	(m,	
3H),	6.75	(d,	J	=	7.6	Hz,	1H),	3.93	(s,	3H),	3.51	–	3.33	(m,	2H),	3.03	–	2.95	(m,	1H),	










6.86	 (m,	1H),	6.79	 (d,	 J	=	2.1	Hz,	1H),	6.65	 (d,	 J	=	7.6	Hz,	1H),	3.91	 (s,	3H),	
3.87	 (s,	 3H),	 3.34	 –	 3.12	 (m,	 4H),	 2.73	 (s,	 3H);	 13C	NMR	 (63	MHz,	 CDCl3)	δ	
166.9,	158.3,	133.5,	126.8,	126.7,	123.9,	121.1,	118.5,	115.2,	112.3,	112.2,	109.6,	105.6,	55.4,	






















Prepared	 from	 pyrrole	 13s	 (0.2	mmol);	 yield:	 47	mg	 (80%);	 dark	 orange	
solid;	mp:	215-217	°C;	1H	NMR	(250	MHz,	CDCl3)	δ	7.47	(d,	J	=	7.5	Hz,	1H),	
6.97	(s,	1H),	6.84	(d,	J	=	7.5	Hz,	1H),	3.93	(s,	3H),	3.31	(m,	2H),	3.13	(m,	2H),	
2.77	 (s,	3H),	2.49	 (s,	3H),	2.38	 (s,	3H);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 167.0,	

















When	 the	 reaction	was	carried	out	at	40°C,	a	2:1	mixture	of	14ta	 and	a	 second	 regioisomer	


































of	 pharmaceutical	 development.	 This	 decline	 has	 been	 attributed	 to	 a	 number	 of	
causes,	and	there	seems	to	be	a	consensus	among	experts	that	an	improved	selection	
of	targets	is	the	most	important	factor	that	may	accelerate	and	increase	the	efficiency	
of	 the	 drug	 discovery	 process.	 In	 this	 context,	 it	 is	 relevant	 to	mention	 that	 known	
drugs	 act	 on	 about	 500	 targets,	while	 the	 number	 of	 proteins	 	 that	may	 potentially	
serve	as	therapeutic	targets	has	been	recently	estimated	to	be	about	4,500.108		Only	a	
fraction	of	 these	 targets	 are	 considered	 “druggable”,	 i.e.,	 amenable	 to	manipulation	
with	 small	 molecules	 complying	 with	 Lipinsky’s	 rule	 of	 5	 (Ro5)	 and	 are	 therefore	
considered	as	likely	to	be	cell	permeable	and	orally	bioavailable.	Less	explored	targets,	
in	 particular	 protein−protein	 and	 protein-nucleic	 acid	 interactions,	 that	 are	
“undruggable”	 using	 conventional	 small	 molecules,	 are	 expected	 to	 provide	 many	
additional	 opportunities	 for	 drug	 discovery.	 Such	 non-conventional	 targets	 contain	
binding	 sites	 that	 are	 large,	 flexible,	 often	 endowed	 with	 extreme	 polarity	 values	
(either	highly	 lipophilic	or	highly	polar)	 but	normally	 lacking	 features	 that	 are	 key	 in	
conventional	drug	design	such	as	sites	involved	in	hydrogen	bonding.	The	realization	of	
these	 problems	 has	 led	 to	 the	 concept	 of	 exploring	 the	 chemical	 space	 that	 lies	
“beyond	 Ro5”	 (bRo5),	 also	 known	 as	 “middle	 space”,	 which	 is	 expected	 to	 yield	
compounds	 that	 are	 aimed	 at	 these	 traditionally	 intractable	 targets	 while	 retaining	
significant	oral	bioavailability.109	
Macrocycles110		are	very	attractive	in	this	regard	because	they	are	pre-organized		and	
sufficiently	 rigid	 to	position	substituents	and	 functional	groups	 in	specific	 regions	 for																																																									
108		Finan	C.,	Gaulton	A.,	Kruger	F.	A.,	Lumbers	T.,	Shah	T.,	Engmann	J.,	Galver	L.,	Kelley	R.,	Karlsson	A.,	
Santos	R.,	Overington	J.	P.,	Hingorani	A.	D.,	Casas	J.	P.,	Sci.	Transl.	Med.,	2017,	9,	article	eaag1166.	





Macrocycles	 in	 Drug	Discovery,	 Royal	 Society	 of	 Chemistry,	2014.	 (d)	Mallinson,	 J.;	 Collins,	 I.;	 Fut.	
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target	 interaction,	 while	 maintaining	 	 sufficient	 flexibility	 to	 allow	 binding	 to	 the	
extended,	 shallow	 surfaces	 that	 characterize	 the	 interaction	 between	 biomolecules.	
Furthermore,	 their	 higher	 surface	 area	 in	 comparison	 to	 small	 molecules	 and	 the	
associated	 increased	 entropic	 factor	 leads	 to	 a	 higher	 affinity	 to	 flat	 protein	
surfaces.111		
Macrocycles	 thus	 cover	 a	 unique	 region	 of	 the	 chemical	 space	 that	 is	 intermediate	
between	small	molecules	and	biological	drugs	(Figure	7.1).	Furthermore,	macrocycles	
have	 the	possibility	 to	adopt	different	 conformations,	allowing	 them	to	change	 their	






Many	 macrocyclic	 natural	 products	 are	 employed	 as	 therapeutic	 agents	 in	 spite	 of	
representing	 only	 about	 3%	 of	 natural	 products,112	and	 their	 mechanisms	 of	 action	
usually	 involve	 interference	 with	 the	 interactions	 between	 biomolecules.	
Representative	examples	include	antibacterials	such	as	the	macrolide	antibiotics	(e.g.	
erythromycin)	 and	 rifampicin,	 the	 epothilones,	 a	 family	 of	 anticancer	 compounds	
interfering	with	 tubulin.	 Fully	 synthetic	macrocycles	 such	 as	 the	 antiviral	 simeprevir,	















































Sci.	 USA	2011,	108,	 6793–6798.	 c)	 F.	 Kopp,	 C.	 F.	 Stratton,	 L.	 B.	 Akella,	 D.	 S.	 Tan,	Nat.	 Chem.	 Biol.	
2012,	8,	 358–365.	 d)	 A.	 Guarnieri-Ibáñez,	F.	Medina,	C.	 Besnard,	S.	 L.	 Kidd,	D.	 R.	 Spring,	 J.	 Lacour,	
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libraries	of	macrocyclic	structures	with	embedded	privileged	heterocyclic	frameworks	
are	rare.115	Due	to	the	very	high	potential	of	macrocycles	 in	drug	discovery	and	their	



























































The	 ring-closing	 metathesis	 reaction	 was	 optimized	 on	 substrate	 15a,	 as	 shown	 in	
Table	 7.1.	 Although	 the	 yields	 were	 not	 very	 different	 in	 the	 various	 conditions	
assayed,	 the	 best	 result	 corresponded	 to	 the	 use	 of	 high	 dilution	 conditions,	 which	




Entry	 DCM	(mL)/mmol	 %	Grubbs	1st	 T	(°C)	 Atmosphere	 %	Yield	
1	 10	 5	 r.t.	 air	 65	
2*	 15	 5	 r.t.	 air	 65	
3*	 20	 10	 r.t.	 air	 65	
4*	 30	 20	 35	 argon	 60	
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with	a	syringe	pump	over	1	h.	
atmosphere	 and	 in	 the	 presence	 of	 10-15%	 of	 the	 Grubbs	 first	 generation	
catalyst,	 depending	 on	 the	 substrate	 (entry	 5).	 Using	 these	 conditions,	 the	
macrocyclic	 compounds	 summarized	 in	 Scheme	 7.3	 were	 synthesized.	 Ring	
sizes	 varied	between	12-membered	and	18-membered	 rings.	 For	 the	 systems	
with	 a	 smaller	 size	 (12	 and	 13-membered	 rings,	 compounds	 16a-c),	 a	 single	






 Owing	 to	 the	 symmetry	of	our	 systems,	both	olefinic	protons	are	
equivalent	and	for	this	reason	the	double	bond	geometry	cannot	be	
assessed	 by	 determining	 the	 value	 of	 the	 coupling	 constant.	
Furthermore,	none	of	the	compounds	was	sufficiently	crystalline	to	
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predominant	 isomer	would	 be	E,	which	 is	 the	most	 common	behaviour	 observed	 in	
macrocycles	due	to	the	thermodynamic	bias	in	RCM	reactions,	and	in	order	to	confirm	
this	 assumption	 we	 carried	 out	 a	 DFT	 computational	 study	 of	 both	 isomers	 of	
compound	16a,	which	 showed	 that	 its	E	 isomer	 is	26.7	kJ/mol	more	 stable	 than	 the	
corresponding	Z	species.	
Using	 the	 same	method,	we	prepared	 compound	15h,	bearing	 a	 silicon	 atom	at	 the	
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7.3.	Synthesis	of	pyrrole-derived	medium-sized	rings	by	ring-closing	metathesis		
The	objective	of	 this	part	of	 the	 thesis	was	 to	 complete	 the	 study	of	 a	new	domino	
reaction	 that	 allows	 the	 synthesis	 of	 1,4-diazepines	 containing	 an	 embedded	 β-
aneminoester	 moiety	 from	 1,2-diamines	 and	 alkyl	 3-oxo-5-hexenoates	 via	 the	
generation	 of	 an	 intermediate	 aza-Nazarov	 reagent	 that	 was	 discovered	 by	 Dr.	
Swarupananda	Maiti	during	his	postdoctoral	stay	in	our	group.	In	a	second	stage,	the	




As	 shown	 in	 Scheme	 7.5,	 the	 reaction	 between	 1,2-diamines	 and	 alkyl	 3-oxo-5-
hexenoates	was	 initially	 performed	 in	 the	 presence	 of	 a	 catalytic	 amount	 of	 CAN	 in	
dichloromethane	 solution,	 but	 it	 was	 subsequently	 discovered	 that	 it	 could	 also	 be	
carried	 out	 in	 the	 absence	 of	 any	 solvent	 and	 catalyst.	 This	 reaction	 afforded	 the	
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ketone	 (1-phenyl-4-penten-2-one)	 afforded	 compound	 17n,	 with	 an	 endocyclic	 C=N	




as	 an	 isolated	 product	 and	 in	 CDCl3	 solution,	with	 or	without	 the	 presence	 of	 CAN.	
Therefore,	the	mechanism	does	not	start	with	the	isomerization	of	its	double	bond	to	
give	in	situ	the	conjugated	system	I.	Instead,	we	propose	that	the	domino	sequence	is	
initiated	 by	 the	 condensation	 of	 one	 of	 the	 amino	 groups	 with	 the	 ketone	 to	 give	
enaminone	II.	This	intermediate	then	undergoes	a	double	bond	isomerization,	assisted	
by	 the	 second	 amino	 group	 of	 the	 diamine,	 to	 give	 intermediate	 III.	 A	 final	








densely	 functionalized	 building	 block	 that	 has	 found	 widespread	 application	 in	
synthesis,	especially	 in	annelation	reactions,	thanks	to	the	presence	of	a	vinyl	ketone	
unit	 that	 is	 activated	 as	 a	β-keto	 ester.119	The	 Nazarov	 and	 related	 reagents120	have	
some	limitations,	as	their	preparation	normally	requires	multi-step	protocols	and	they	
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involving	the	generation	of	such	reagents	from	simple	precursors,	followed	by	their	in	
situ	transformation,	would	have	considerable	advantages,	although	this	approach	has	
received	 very	 little	 attention	 in	 the	 literature.	 Furthermore,	 aza-Nazarov	 reagents,	
which	should	be	very	useful	 for	 the	preparation	of	nitrogen	heterocycles,	are	almost	
unknown.	
Since	most	 compounds	17	 contain	a	β-enaminoester	 structural	 fragment,	 they	 could	
be	 potential	 precursors	 of	 the	 pyrrolo[1,2-d][1,4]diazepine	 framework.	 However,	 all	






We	 next	 examined	 a	 reaction	 involving	 as	 starting	 materials	 two	 molecules	 of	
allylamine	rather	than	a	diamine,	aiming	at	the	generation	of	a	ring-closing	metathesis	
precursor.	When	we	mixed	methyl	3-oxo-5-hexenoate	and	diallylamine	in	the	absence	
of	 solvent	 at	 room	 temperature,	 the	 expected	 β-enaminone	 18	 was	 obtained	 in	
quantitative	 yield,	 as	 a	 1:1	mixture	 of	 Z	 and	 E	 isomers.	 This	 transformation	 can	 be	
regarded	 a	 chemo-differentiating	 ABB’	 multicomponent	 reaction,	 since	 the	 final	
product	arises	 from	one	molecule	of	one	 the	components	and	 two	molecules	of	 the	
other,	 which	 have	 different	 roles	 in	 the	 reaction.121	The	 crude	 18	 was	 added	 to	 a	
milling	 jar	where	we	had	previously	 reacted	acetophenone	and	N-iodosuccinimide	 in	
the	presence	of	toluenesulfonic	acid	under	high-speed	vibration	milling	conditions	for	
1	h,	and	the	mixture	was	treated	with	CAN	(5%)	and	silver	nitrate	(1	eq)	and	submitted	
to	 the	 same	mechanochemical	 conditions	 for	1	h.	This	 reaction	afforded	 the	desired	
pyrrole	derivative	19a,	although	 in	moderate	yield.	An	attempt	to	cyclize	19a	by	ring	
closing	metathesis	was	unsuccessful,	which	was	attributed	to	catalyst	 inactivation	by	
the	 basic	 nitrogen.122 	Therefore,	 we	 acetylated	 19a	 with	 acetic	 anhydride	 in	 the	
presence	 of	 indium	 trichloride	 to	 furnish	 the	 non-basic	 pyrrole	19b,	which	 gave	 the	
desired	 ring-closing	metathesis	 reaction	 uneventfully	 in	 the	 presence	 of	 the	 Grubbs	
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Grubbs 1st (15%), 
DCM, rt, 24 h
NIS, TsOH, HSVM, 
20 Hz, 1 h
CAN (5%), AgNO3 (1 eq), 
HSVM, 20 Hz, 1 h 
(30% overall)
18
19a   R = H
19b   R = Ac
InCl3 10%, Ac2O,
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7.4.	One-pot	multicomponent	macrocyclization	







In	 our	 first	 experiments,	 treatment	 of	 1,3-diacetylbenzene	 with	 N-iodosuccinimide	
under	our	previously	described	mechanochemical	 conditions	 (ball	milling	at	20	Hz	 in	
the	 presence	 of	 TsOH	 for	 1	 h),	 followed	 by	 addition	 of	 1,4-butanediamine	 and	 two	
equivalents	 of	 methyl	 acetoacetate	 (which	 had	 been	 premixed	 in	 the	 presence	 of	
InCl3),	 silver	nitrate	and	additional	ball	milling	afforded	only	a	5%	yield	of	 the	 target	
macrocycle	 21a,	 the	 main	 isolated	 products	 being	 22	 and	 23	 (Figure	 7.4).	 These	
compounds	 arose	 from	 the	 formation	 of	 one	 or	 two	 pyrrole	 rings,	 respectively,	








the	 macrocyclization	 stage.	 For	 this	 reason,	 we	 resorted	 to	 a	 more	 conventional	
methodology,	carrying	out	a	slow	addition	of	the	iodoketone	to	a	solution	containing	
the	 in	 situ-prepared	 β-enaminone,	 the	 CAN	 catalyst	 and	 silver	 nitrate	 in	 order	 to	
achieve	high	dilution	conditions.	The	optimization	of	 this	process	was	carried	out	 for	
the	case	of	21a	and	is	summarized	in	Table	7.2.																																																									































































10	 0,1	 2	 6	 25	
10	 0,1	 2	 2	 25	
20	 0,1	 2	 2	 traces	
15	 2	 2	 2	 traces	
15	 0,1	 2	 2	 52	
	
This	 reaction	 can	be	 viewed	as	 a	 double	Hantzsch	pyrrole	 synthesis	 telescoped	with	









The	 optimized	 conditions	 were	 used	 to	 prepare	 a	 library	 of	 compounds	 21,	 which	
cover	 a	 very	 unusual	 region	 of	 chemical	 space	 corresponding	 to	 macrocyclic	
cyclophanes	that	contain	ter-	or	quater-aryl	structural	fragments	(Figure	7.5).	Although	
yields	 were	 60%	 or	 below,	 it	 has	 to	 be	 taken	 into	 account	 that	 this	 pseudo	 four-
component	process	involves	the	creation	of	two	rings	and	six	bonds,	comprising	up	to	








NIS, TsOH (10 
mol%), HSVM (20 
Hz), 60 min
CAN (5 %), 
MeOH, rt, 12 h
CAN (5 %), AgNO3 





































































































































The	 suitable	 acetophenone	 derivative	 (0.4	 mmol),	 N-iodosuccinimide	 (0.4	 mmol)	 and	 p-




temperature	 during	 240	 min.	 Silver	 nitrate	 (0.4	 mmol)	 and	 additional	 CAN	 (5	 mol%)	 were	
added	 and	 the	 ball	 mill	 was	 set	 to	 vibrate	 at	 a	 20	 s-1	 frequency	 for	 80	 min	 at	 room	
temperature.	 Then,	 the	 reaction	 vessel	was	 cleansed	with	 ethyl	 acetate	or	 dichloromethane	
and	the	suspension	was	filtered	to	remove	the	silver	iodide	precipitate.	The	organic	layer	was	







Prepared	 from	 ethyl-3-oxohept-6-enoate,	 (0.4	 mmol),	 diaminoethane	 (0.2	





























































1.26	 (t,	 J	 =	7.1	Hz,	6H);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 165.0,	139.7,	137.3,	133.1,	132.6,	129.0,	
128.6,	127.7,	115.3,	112.2,	110.5,	59.4,	41.0,	34.1,	32.4,	25.0,	14.5;	 IR	(neat)	ν:	1699.4	(C=O),	
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1.33	–	1.19	(m,	6H),	0.93	–	0.80	(m,	2H);	13C	NMR	(63	MHz,	CDCl3)	δ	165.1,	139.9,	137.6,	133.2,	
133.1,	129.2,	128.4,	127.5,	115.2,	111.8,	110.3,	59.3,	43.7,	34.2,	30.5,	25.3,	23.3,	14.5;	IR	(neat)	





Prepared	 from	 ethyl-3-oxohept-6-enoate,	 (0.4	 mmol),	 1,7-
diaminoepthane	(0.2	mmol)	and	acetophenone	(0.4	mmol);	yield:	76	mg	
(60%);	 yellowish	 oil;	 1H	NMR	 (250	MHz,	 CDCl3)	δ	 7.43	 –	 7.33	 (m,	 10H),	
6.57	(s,	2H),	6.03	–	5.87	(m,	2H),	5.16	–	5.03	(m,	4H),	4.30	(q,	J	=	7.1	Hz,	
4H),	3.87	–	3.81	(m,	4H),	3.11	–	3.04	(m,	4H),	2.45	–	2.37	(m,	4H),	1.42	–	







Prepared	 from	ethyl-3-oxohept-6-enoate,	 (0.4	mmol),	 1,8-diaminooctane	




=	 7.1	Hz,	 6H),	 0.99	 (br	 s,	 8H);	 13C	NMR	 (63	MHz,	 CDCl3)	δ	 165.2,	 140.0,	
137.8,	 133.4,	 133.2,	 129.3,	 128.4,	 127.4,	 115.1,	 111.7,	 110.1,	 59.3,	 44.0,	
34.2,	31.1,	28.6,	26.3,	25.3,	14.5;	 IR	 (neat)	ν:	1700.2	 (C=O),	1222.7	 (C-O),	






Prepared	 from	 ethyl-3-oxohept-6-enoate,	 (0.4	 mmol),	 1,3-
bis(aminopropyl)tetramethyldisiloxane	 (0.2	 mmol)	 and	 acetophenone	
(0.4	 mmol);	 yield:	 73	 mg	 (50	 %);	 dark	 yellow	 oil;	 1H	 NMR	 (250	 MHz,	




137.7,	 133.3,	 133.2,	 129.3,	 129.2,	 128.4,	 127.5,	 115.2,	 111.6,	 110.2,	






























To	 a	 solution	 of	 the	 suitable	 pyrrole	 15a-15h	 (0.15	 mmol)	 in	 dry	 dichloromethane	 (10	 mL)	
under	 argon	 atmosphere,	 Grubbs	 1st	 generation	 catalyst	 (5-10	 mmol%)	 was	 added.	 The	
mixture	was	stirred	for	4-12	h	at	room	temperature.	Upon	completion,	as	judged	by	TLC,	the	








mp:	177-179	 °C;	 1H	NMR	 (250	MHz,	CDCl3)	δ	 7.25	–	7.19	 (m,	2H),	7.13	–	
7.05	(m,	4H),	6.96	–	6.93	(m,	4H),	6.39	(s,	2H),	5.93	–	5.80	(m,	2H),	4.25	–	
4.17	 (m,	8H),	 3.16	 (br	 s,	 4H),	 2.44	 (br	 s,	 4H),	 1.27	 (t,	 J	 =	 7.1	Hz,	 3H);	 13C	
NMR	 (63	MHz,	 CDCl3)	 δ	 164.9,	 139.5,	 133.9,	 131.8,	 130.9,	 129.1,	 128.6,	
127.8,	112.8,	110.6,	59.5,	44.4,	27.7,	27.1,	14.4;	IR	(neat)	ν:	1699.4	(C=O),	






Prepared	 from	 pyrrole	 15b	 (0.1	mmol);	 yield:	 71	mg	 (90%);	 yellowish	
solid;	mp:	124-126	 °C;	 1H	NMR	 (250	MHz,	CDCl3)	δ	7.61	 (d,	 J	 =	7.9	Hz,	
4H),	6.80	(d,	J	=	7.9	Hz,	4H),	6.48	(s,	2H),	6.02	–	5.89	(m,	2H),	4.30	(q,	J	=	
7.1	Hz,	4H),	4.18	(br	s,	4H),	3.22	(br	s,	4H),	2.52	(br	,	4H),	1.37	(t,	J	=	7.1	
Hz,	6H);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 165.2,	140.2,	138.1,	133.0,	131.7,	
131.3,	 131.2,	 113.5,	 111.4,	 94.5,	 60.1,	 44.8,	 28.2,	 27.4,	 14.9;	 IR	 (neat)	
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4H),	2.99	 (br	 s,	4H),	2.62	–	2.37	 (m,	6H),	1.39	 (t,	 J	=	7.1	Hz,	3H);	 13C	NMR	(63	MHz,	CDCl3)	δ	
164.9,	140.0,	133.7,	132.7,	129.4,	129.2,	128.6,	127.8,	112.2,	109.6,	59.5,	41.7,	34.1,	27.9,	27.9,	








NMR	(250	MHz,	CDCl3)	δ 7.43	–	7.36	 (m,	6H,	 isomer	A+B),	7.33	–	7.30	 (m,	
4H,	 isomer	A+B),	6.58	(s,	2H,	 isomer	B),	6.57	(s,	2H,	 isomer	A),	5.80	–	5.68	
(m,	 2H,	 isomer	A),	 5.53	 –	 5.49	 (m,	 2H,	 isomer	 B),	 4.31	 (q,	 J	 =	 7.1	Hz,	 4H,	
isomer	A+B),	3.89	 (br	 s,	4H,	 isomer	A+B),	3.12	–	3.05	 (m,	4H),	2.62	–	2.44	
(m,	4H,	isomer	A+B),	1.52	(br	s,	4H,	isomer	A+B),	1.29	(t,	J	=	7.1	Hz,	6H);	13C	
NMR	 (63	 MHz,	 CDCl3)	 δ	 165.1,	 139.9,	 133.2,	 133.0,	 129.4,	 129.1	 (129.0	
isomer	B),	128.5,	127.6,	112.2	(112.1	 isomer	B),	110.3,	59.4,	44.1,	28.9,	27.9	(29.7	 isomer	B),	











A+B),	3.11	–	3.05	 (m,	4H,	 isomer	A+B),	2.60	–	2.43	 (m,	4H,	 isomer	A+B),	
1.82	–	1.58	(m,	4H,	isomer	A+B),	1.41	–	1.34	(m,	6H,	CH3CH2OCO-,	isomer	
A+B),	1.18	–	1.10	 (m,	2,	 isomer	A+B);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 165.1,	
165.0	(isomer	B),	133.3,	133.4	(isomer	B),	133.0,	133.1	(isomer	B),	111.7,	
110.3,	110.1	(isomer	B),	59.4,	50.8	(isomer	B),	43.5,	32.6	(isomer	B),	30.9	(isomer	B),	29.9,	28.2,	








NMR	 (250	MHz,	 CDCl3)	 δ	 7.46	 –	 7.36	 (m,	 10H,	 isomer	 A+B),	 6.60	 (s,	 2H,	
isomer	A),	6.59	(s,	2H,	 isomer	A),	5.72	–	5.66	(m,	2H,	 isomer	A+B),	4.36	–	
4.27	 (m,	4H,	CH3CH2OCO-,	 isomer	A+B),	3.94	–	3.84	 (m,	4H,	 isomer	A+B),	
3.15	–	3.05	 (m,	4H,	 isomer	A+B),	2.47	 (br	s,	4H,	 isomer	A+B),	1.68	–	1.61	
(m,	 2H,	 isomer	A),	 1.41	 –	 1.21	 (m,	 12H,	 isomer	A+B);	 13C	NMR	 (63	MHz,	
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NMR	 (250	 MHz,	 CDCl3)	 δ	 7.46	 –	 7.39	 (m,	 10H,	 isomer	 A+B),	 6.60	 (s,	 2H,	
isomer	A),	 6.60	 (s,	 2H,	 isomer	A+B),	 5.70	–	5.67	 (m,	2H,	 isomer	A),	 5.62	–	
5.59	 (m,	 2H,	 isomer	 B),	 4.31	 (t,	 J	 =	 7.1	Hz,	 4H,	 CH3CH2OCO-,	 isomer	A+B),	
3.94	–	3.83	(m,	4H,	isomer	A+B),	3.12	–	3.06	(m,	4H,	isomer	A+B),	2.49	(br	s,	
4H,	isomer	A+B),	1.72	–	1.50	(m,	4H,	isomer	A),	1.40	–	1.21	(m,	14H,	isomer	
A+B);	 13C	NMR	(63	MHz,	CDCl3)	δ	all	 the	picks	 refer	 to	 isomer	A	and	when	
they	refer	 to	 isomr	B	 is	 indicated:	 13C	NMR	(63	MHz,	CDCl3)	d	165.5	 (isomer	B),	165.1,	140.6	
(isomer	B),	140.3,	140.0,	133.4	(isomer	B),	133.3,	133.2,	133.1,	133.1,	133.0	(isomer	B),	130.4,	
129.6,	 129.3,	 129.2,	 128.4,	 127.5	 (isomer	 B),	 127.5,	 111.7,	 111.6,	 110.2,	 109.9,	 59.3,	 50.8	
(isomer	B),	44.3,	44.0	(isomer	B),	32.6,	30.4	(isomer	B),	30.1,	28.2	(isomer	B),	27.1	(isomer	B),	










6.60	 (s,	 2H,	 isomer	 B),	 6.58	 (s,	 2H,	 isomer	A),	 5.69	 –	 5.64	 (m,	 2H,	 isomer	
A+B),	4.31	(t,	J	=	7.1	Hz,	4H,	CH3CH2OCO-,	isomer	A+B),	3.93	–	3.79	(m,	4H,	
isomer	A+B),	2.43	 (mbr	 s,	4H,	 isomer	A+B),	1.70	–	1.53	 (m,	4H,	 isomer	A),	
1.37	(t,	J	=	7.1	Hz,	6H,	CH3CH2OCO-,	isomer	A+B),	0.44	–	0.37	(m,	4H),	-0.01	
(s,	12H,	 isomer	A),	 -0.08	 (s,	12H,	 isomer	B);	 13C	NMR	(63	MHz,	CDCl3)	d	all	
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suitable	allyl	 ketone	or	allyl	 ketoester	 (1	mmol)	 in	CH2Cl2	 (5	ml)	at	 room	temperature	under	
argon.	 The	 solution	 was	 stirred	 until	 completion	 of	 the	 reaction,	 as	 checked	 by	 TLC.	 The	
reaction	mixture	was	diluted	with	15	ml	CH2Cl2	and	washed	with	water.	The	organic	layer	was	
dried	with	 anhydrous	Na2SO4	 and	 concentrated	 under	 vacuum.	 The	 residue	was	 purified	 by	
column	chromatography	using	as	 the	stationary	phase	neutral	Al2O3	 (activity	grade	 IV),	using	
1:10	ethyl	acetate:petroleum	ether	as	mobile	phase.	
	
Procedure	 B:	 The	 same	 procedure	was	 applied	without	 solvent,	 by	 adding	 the	 suitable	 allyl	

















oxohex-5-enoate	 (156	mg	 ,1	mmol).	 Compound	17b	 is	 obtained	 as	 a	white	 solid	
(178	mg,	90%),	mp	46	°C	;	1H	NMR	(250	MHz,	CDCl3)	δ	8.86	(br	s,	1H),	4.44	(s,	1H),	
4.10	 (q,	 J	=	7.1	Hz,	 	2H),	3.28-3.49	 (m,	2H),	3.03-3.10	 (m,	1H),	2.74-2.93	 (m,	2H),	
2.48	(dd,	J	=	14.4	and	9.0	Hz,	1H),	2.21	(d,	J	=	14.8	Hz,	1H),	1.77	(br	s,	1H),	1.26	(t,	J	=	7.1	Hz,	
3H),	1.17	 (d,	 J	=	6.5	Hz,	3H);	 13C	NMR	(63	MHz,	CDCl3)	δ	170.6,	165.6,	82.1,	58.4,	52.4,	49.6,	
46.5,	45.4,	23.7,	14.6;	IR	(film,	neat)	ν:	3306.0,	2973.3,	1651.5,	1606.0,	1505.6,	1304.2,	1238.4,	





Procedure	 A	 was	 followed	 using	 N,N-dimethylethane-1,2-diamine	 (88	 mg,	 1	
mmol)	 and	 methyl	 3-oxohex-5-enoate	 (142	 mg	 ,1	 mmol).	 Compound	 17c	 is	
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CDCl3)	δ	4.84	(br.	S,	1H),	4.50	(s,	1H),	3.61	(s,	3H),	3.59	–	3.42	(m,	3H),	3.42	–	3.20	(m,	1H),	2.93	
(s,	3H),	2.77	(m,	2H),	2.58	–	2.40	(m,	1H),	2.34	(s,	3H),	2.24	(s,	1H),	1.07	(d,	J	=	6.6	Hz,	3H);	13C	
NMR	 (63	MHz,	 CDCl3)	 δ	 169.8,	 164.7,	 84.8,	 57.2,	 55.0,	 54.3,	 50.5,	 43.5,	 41.2,	 34.6;	 IR	 (film,	





Procedure	 A	was	 followed	 using	N,N-dimethylethane-1,2-diamine	 (88	 mg,	 1	
mmol)	 and	 Ethyl	 3-oxohex-5-enoate	 (156	 mg	 ,1	 mmol).	 Compound	 17d	 is	
obtained	 as	 a	 colourless,	 viscous	 liquid	 (188	mg,	 83%);	 1H	 NMR	 (CDCl3,	 250	
MHz)	δ	4.47	(s,	1H),	4.04	(q,	J	=	7.1	Hz,		2H),	3.58	-	3.51	(m,	3H),	3.49	–	3.27	(m,	
1H),	2.90	(s,	3H),	2.78	-	2.73	(m,	2H),	2.72	-	2.38	(m,	1H),	2.31	(s,		3H),	1.25	(t,	J	
=	7.1	Hz,	 	3H),	1.04	 (d,	 J	=	6.6	Hz,	 	3H);	 13C	NMR	 (CDCl3,	63	MHz)	δ	168.9,	164.0,	84.7,	58.2,	
56.8,	 54.5,	 53.8,	 43.0	 (2c),	 34.0,	 14.5;	 IR	 (neat)	 ν:	 2972.3,	 2930.6,	 1679.4,	 1578.9,	 1449.5,	




























Procedure	 A	 was	 followed	 using	 benzene-1,2-diamine	 (108	 mg,	 1	 mmol)	 and	
Methyl	 3-oxohex-5-enoate	 (142	mg,	 1	 mmol).	 Compound	 17f	 is	 obtained	 as	 a	
colourless,	 viscous	 liquid	 (139	 mg,	 60	 %)	 or	 procedure	 B	 was	 followed	 using	
benzene-1,2-diamine	(108	mg,	1	mmol)	and	Methyl	3-oxohex-5-enoate	(142	mg	,	







































144	 	 	 	 	 		
and	7.1	Hz,		1H),	1.31	(d,	J	=	6.3	Hz,		3H);	13C	NMR	(CDCl3,	63	MHz)	δ	170.9,	159.8,	138.5,	130.7,	
125.2,	122.8,	122.1,	121.4,	84.3,	56.3,	50.7,	39.8,	23.6;	IR	(film,	neat)	ν:	3346.0,	2966.0,	1651.6,	





Procedure	 B	 was	 followed	 using	 benzene-1,2-diamine	 (108	 mg,	 1	 mmol)	 and	













oxohex-5-enoate	 (156	mg	 ,	 1	mmol).	 Compound	17his	 obtained	 as	 3:1	mixture	 (17ha:17hb)	


















Colourless	viscous	 liquid;	 1H	NMR	 (CDCl3,	250	MHz)	δ	 10.21	 (br	 s,	1H),	6.94-

































Procedure	 B	 was	 followed	 using	 4,5-dimethylbenzene-1,2-diamine-1,2-




1H),	2.22	 -	2.15	 (m,	7H),	 	 1.24	 (d,	 J	 =	6.3	Hz,	 	 3H);	 13C	NMR	 (CDCl3,	 63	MHz)	δ	 170.2,	159.5,	
135.4,	132.8,	129.6,	127.8,	123.1,	122.1,	83.0,	55.9,	50.0,	39.1,	23.1,	18.8,	18.6;	IR	(film,	neat)	






Procedure	 B	 was	 followed	 using	 4,5-dimethylbenzene-1,2-diamine-1,2-
diamine	(136	mg,	1	mmol)	and	methyl	3-oxohex-5-enoate	(142	mg,	1	mmol).	
Compound	17j	 is	 obtained	as	 a	 colourless	 viscous	 liquid	 (247	mg,	 91	%);	 1H	











mixture	 of	 diasteroisomers,	 yellowish	 viscous	 liquid	 in	 a	 full	 conversion	
that	has	not	been	purified	and	used	for	the	subsequent	step	as	a	crude;	
1H	NMR	(250	MHz,	CDCl3)	δ	8.57	(br	s,	1H),	5.87	–	5.62	(m,	2H),	5.25	–	4.88	(m,	4H),	4.40	(s,	
1H),	3.88	–	3.66	 (m,	2H),	3.48	 (s,	3H),	3.26	–	2.99	 (m,	2H),	2.88	–	2.68	 (m,	1H),	2.26	 (dd,	 J	=	


































Acetophenone	 (0.5	 mmol),	 N-iodosuccinimide	 (NIS,	 0.5	 mmol)	 and	 p-toluenesulphonic	 acid	
(PTSA,	10	mol%)	were	added	to	a	ball	mill	vessel,	along	with	a	zirconium	oxide	ball.	The	vessel	





reaction	was	 subjected	 to	 the	vibratory	movement	at	 the	 same	 frequency	 for	60	min.	Then,	
the	reaction	vessel	was	cleansed	with	ethyl	acetate	and	the	suspension	was	filtered	to	remove	








































NIS, TsOH, HSVM, 
20 Hz, 1 h
CAN (5%), AgNO3 (1 eq), 
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Pyrrole	 19a	 (68	 mg,	 0.2	 mmol)	 was	 treated	 with	 Ac2O	 (0.03	 mL,	 0.3	 mmol)	 at	 room	
temperature	 for	 30	 min	 under	 magnetic	 stirring	 in	 the	 presence	 of	 InCl3	 (10%	 mol).125	No	
solvent	was	used.	The	reaction	was	monitored	by	TLC.	The	crude	mixture	was	extracted	with	














catalyst	 (5%	mmol)	was	added.	 The	mixture	was	 stirred	 for	24	h	 and,	 then,	 the	 solvent	was	










3.08	 (m,	1H),	 1.92	 (s,	 3H),	 1.37	 (d,	 J	 =	6.6	Hz,	3H);	 13C	NMR	 (63	MHz,	CDCl3)	δ	 171.3,	166.2,	


















Grubbs 1st (15%), 
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mmol)	 and	 CAN	 (5	 mol%)	 in	 methanol	 (10	 mL/mmol	 of	 diamine)	 was	 stirred	 at	 room	
temperature	 for	 12	 h.	 A	 solution	 of	 the	 suitable	 a-iodoketone	 (0.23	 mmol)	 in	 methanol	 (5	
mL/mmol),	silver	nitrate	(0.5	mmol)	and	indium	trichloride	(InCl3,	5	mol%)	were	slowly	added	
by	 1	 hour	 injection	 to	 the	 flask	 containing	 the	 non-isolated	 enaminone,	 and	 stirred	 for	
additional	 5	 h.	 Then,	 washed	with	water	 and	 dry	with	 Na2SO4.	 Purification	 by	 flash	 column	






Prepared	 from	 1,3-diacetylbenzene,	 (0.23	 mmol),	 methyl	
acetoacetate	 (0.66	 mmol)	 and	 1,4-diaminobutane	 (0.33	 mmol);	










Prepared	 from	 1,3-diacetylbenzene	 (0.23	 mmol),	 methyl	
acetoacetate	 (0.66	 mmol)	 and	 1,5-diaminopentane	 (0.33	 mmol);	









NIS, TsOH (10 
mol%), HSVM (20 
Hz), 60 min
CAN (5 %), 
MeOH, rt, 12 h
CAN (5 %), AgNO3 

























































Prepared	 from	 1,3-diacetylbenzene	 (0.23	 mmol),	 methyl	
acetoacetate	 (0.66	 mmol)	 and	 1,7-diaminoheptane	 (0.33	 mmol);	











Prepared	 from	 1,3-diacetylbenzene	 (0.23	 mmol),	 methyl	
acetoacetate	 (0.66	 mmol)	 and	 1,8-diaminooctane	 (0.33	 mmol);	
yield:	44	mg	 (40%);	 yellow	solid;	mp	=	148-150	 °C;	 1H	NMR	 (250	
MHz,	 CDCl3)	δ	 7.47	 –	 7.33	 (m,	 2H),	 7.30	 –	 7.18	 (m,	 2H),	 6.48	 (s,	
2H),	3.89	–	3.83	(m,	4H),	3.73	(s,	6H),	2.53	(s,	6H),	1.48	–	1.28	(m,	
4H),	1.11	–	0.83	(m,	8H);	13C	NMR	(63	MHz,	CDCl3)	δ	166.0,	136.5,	













(63	 MHz,	 CDCl3)	 δ	 166.0,	 136.6,	 133.8,	 132.7,	 130.9,	 128.2,	 127.9,	 111.5,	
110.1,	 50.7,	 46.6,	 24.3,	 15.2,	 11.5,	 0.2;	 IR	 (neat)	ν:	 2948.5	 (Ar	C-H),	 1701.9	










































and	 1,3-bis(aminopropyl)tetramethyldisiloxane	 (0.33	 mmol);	 yield:	 64	 mg	
(50%);	white	 solid;	mp:	164-166	 °C;	 1H	NMR	 (250	MHz,	CDCl3)	d	7.54	 (br	 s,	
2H),	7.45	–	7.35	(m,	2H),	6.63	(s,	2H),	4.04	(t,	J	=	7.0	Hz,	4H),	2.72	(s,	6H),	2.53	









Prepared	 from	 4,4’-diacetylbiphenyl	 (0.23	 mmol),	 acetylacetone	




NMR	 (63	 MHz,	 CDCl3)	 δ	 195.1,	 139.0,	 135.6,	 132.3,	 131.0,	 126.4,	
120.4,	109.3,	76.5,	42.9,	30.4,	29.0,	28.7,	28.6,	26.5,	11.8;	IR	(neat)	ν:	
2924.3	 and	 2852.2	 (Ar	 C-H),	 1679.4	 and	 1602.5	 (C=O),	 1422.5	 and	
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their	 diversity	 in	 terms	 of	 molecular	 shape,	 as	 judged	 by	 the	 distribution	 of	 their	
principal	moments	of	inertia	for	each	molecule	in	its	minimum	energy	conformer.	The	
study	 was	 carried	 out	 with	 the	 open-access	 LLAMA	 platform	 for	 Diversity-Oriented	
Synthesis	from	the	University	of	Leeds	(UK).126,127	This	study	showed	(Figure	8.1)	that	
the	DOS	library	has	a	broad	shape	distribution	that	was	comparable	to	a	library	formed	





































































51.Pseudomonic acid A 

































































34.Amphetamine (four salts of its two     
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8.2.	Introduction	to	the	OIDD	program	
The	high-throughput	study	of	our	 libraries	was	done	 in	collaboration	with	Lilly	via	 its	
Open	 Innovation	Drug	Discovery	 (OIDD)	 Program.	 This	 is	 a	 platform	 to	 facilitate	 the	
collaboration	between	big	pharma	and	academic	researchers	for	early	drug	discovery.	
The	main	advantage	of	this	collaboration	for	academic	research	group	is	the	possibility	
to	access	 to	 cutting-edge	 research	 tools	and	data	aimed	at	 improving	 their	 scientific	
work	for	the	discovery	of	novel	therapeutics	for,	possibly,	novel	targets.	Participants	of	
the	OIDD,	 to	 specify,	 can	 be	 universities	 (as	 our	 case),	 research	 institutes	 and	 small	
biotechnology	companies.		
Once	 affiliated,	 registered	 and	 accepted	 the	 agreement,	 participants	 have	 to	 upload	
molecular	structures	to	Lilly’s	web	page	for	an	initial	in	silico	evaluation.	At	this	point,	
molecular	 descriptors	 are	 created	 by	 the	 program	 and	 a	 first	 evaluation	 of	 the	
molecular	parameters	is	done	(as	metabolic	stability,	structural	novelty,	drug-likeness	
properties,	 molecular	 weight…)	 to	 identify	 which	 compounds	 are	 eligible	 for	 the	
second	step	of	biological	evaluation.	If	a	compound	is	chosen	and	approved,	the	OIDD	
program	 provides	 vials	 as	 an	 in-kind	 service	 to	 participants.	 The	 whole	 process	 is	





modules	 for	 different	 therapeutic	 diseases	 using	 High	 Throughput	 Screening	 (HTS)	
technology.	 All	 the	 biological	 results	 are	 provided	 to	 the	 researcher	 through	 their	
personal	 OIDD	 account.	 All	 the	 accepted	 compounds	 will	 further	 undergo	 in	 vitro	
screening	 in	 both	 Lilly	 active	 and	 emerging	 projects,	 neglected	 and	 tropical	 disease	
screening	(summary	of	all	diseases	considered	in	the	OIDD	program	in	Figure	8.3).	The	















































The	 accumulation	 in	 the	 extracellular	 space	 of	 amyloid	 plaques	 and	 intracellular	
formation	 of	 neurofibrillary	 tangles	 (NFTs)	 it	 basically	 features	 the	 Alzheimer’s	
pathology,	also	defined	as	Alzheimer’s	disease	(AD).	Amyloid	plaques	are	composed	of	
Aβ	protein	and	the	NFTs	of	tau	protein.	Modern	strategies	for	the	AD	treatment	are	to	










facility	 condition	 growth.	 Their	 origin	 is	 from	 human	 liver,	 derived	 from	 a	 well-
differentiated	hepatocyte-derived	carcinoma	cell-line.	With	the	 intention	of	 interpret	
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to	 impact	 glucose	 and	 insulin	 tolerance	 in	mice.128	This	 protein	 is	 able	 to	 inhibit	
the	 enzyme	 Lipoprotein	 lipase	 (LPL)	 and	 consequently,	 when	 overexpressed,	 an	
increment	of	circulating	triglyceride	levels	is	detected.129	
- APOC3	or	apolipoprotein	C-III	(known	also	as	apo-CIII)	is	a	human	protein	encoded	
by	APOC3	gene.	 Its	 secretion	 is	at	 level	of	 liver	and	small	 intestine.	 Its	 role	 is	 to	
inhibit	 lipoprotein	 and	 hepatic	 lipase	 and,	 for	 example,	 it	 blocks	 the	 uptake	 of	
triglyceride	 rich	 particles.	When	 apoC-III	 levels	 increases,	 hypertriglyceridemia	 is	
produced.130	
- Nav1.7	is	a	voltage-gated	sodium	ion	channel	encoded	by	SCN94	gene	in	humans.	
Its	 expression	 is	 at	 neuronal	 level:	 in	 the	 sympathetic	 ganglion	 neurons	 in	 the	
involuntary	nervous	system	and	in	the	nociceptive	(pain)	neurons	at	level	of	dorsal	
root	 ganglion	 (DRG). 131 	Nav1.7	 is	 located	 at	 the	 pain-sensing	 nerves,	 the	







The	Lilly	assay	oriented	 to	 targets	different	 from	hTau	are	employed	as	 reference	 in	






























	 2351663277	 63,06	 77,21	 52,36	 60,05	 49,06	
	 2351663279	 62,51	 57,3	 34,06	 36,16	 39,62	
	 2351663280	 -259,6	 38,24	 20,68	 -22,55	 7,541	
	 2351663281	 85,52	 85,7	 78,74	 71,81	 73,58	




































	 2351663286	 -100,3	 24,36	 12,46	 7,08	 8,571	
	 2351663287	 20,75	 22,76	 31,88	 -33,47	 29,76	
	 2351663288	 -38,62	 -41,67	 -14,32	 -29,6	 -3,39	
	 2351663289	 12,45	 19,24	 13,2	 -14,71	 20,24	
	 2351663291	 99,43	 97,56	 98,62	 96,66	 94,34	
	 2351663292	 90,28	 99,25	 82,87	 91,44	 77,36	
	 2351663341	 -64,16	 -1,764	 2,086	 -2,828	 12,86	
	 2351663342	 -19,17	 -0,8819	 3,493	 -1,471	 -2,857	
	 2351663343	 28,34	 51,22	 16,73	 13,35	 28,3	
	 2351663344	 -13,55	 0	 -13,54	 -3,055	 -2,143	
	 2351663345	 60,12	 -749,5	 44,53	 15,99	 40,48	
	 2351663348	 99,53	 96,95	 98,62	 101,1	 98,11	
	 2351663349	 2,643	 14,55	 18,73	 -15,95	 8,571	
	 2351663350	 98,15	 97,07	 95,58	 80,38	 94,75	
	 2351663368	 58,06	 49,86	 35,43	 48,07	 43,4	
	 2351663369	 61,35	 62,79	 58,71	 42,88	 50	
	 2351663370	 32,78	 -152,6	 25,28	 -22,97	 21,43	
	 2351663371	 74,09	 -749	 68,7	 51,89	 64,15	
	 2351663372	 68,22	 70,28	 58,35	 49,68	 67,86	
	 2351663373	 -1,833	 16,23	 13,72	 -18,55	 27,38	
	 2351663375	 17,5	 32,62	 29,53	 18,4	 18,87	
	 2351663376	 -33,79	 -1,764	 12,18	 -27,04	 -12,14	
	 2351663378	 9,553	 -12,88	 21,18	 32,62	 28,57	
	 2351663379	 10,56	 39,72	 41,34	 28,51	 37,74	
	 2351663381	 61,42	 43,43	 42,42	 42,81	 65,25	
	 2351663388	 -3,889	 55,27	 24,61	 17,68	 30,19	
	 2351663390	 21,55	 -34,19	 40,58	 37,25	 40,95	
	 2351663391	 -71,43	 -24,95	 5,966	 -56,34	 8,571	








family	 of	 secretory	 proteases.	 Its	 major	 role	 is	 in	 the	 regulation	 of	 cholesterol	
homeostasis	 and,	 specifically,	 this	 protein	 drives	 LDL	 receptor	 (LDL-R)	 to	 lysosomal	
degradation	 in	 order	 to	 regulate	 plasma	 LDL-cholesterol	 (LDL-C).	 When	 mutated,	





being	 studied.	 The	 expression	 of	 protein	 PCSK9	 is	 strictly	 regulated	 at	 level	 of	
transcription	and	post	transcription.	PCSK9	SI	is	a	phenotypic	module	employed	in	the	
identification	of	organic	molecules	able	to	inhibit	expression	of	this	protein	in	multiple	
cell	 systems	 (including	 human	 hepatoma	 cell	 lines	 Huh7,	 Hela	 cells	 and	 primary	
hepatocytes).	 In	 Lilly’s	 screen	 also	 all	 the	 compounds	 inhibiting	 PCSK9	 protein	



























	 2351663277	 -1,304	 -3,942	 		 		
	 2351663279	 -34,93	 -0,5383	 		 		
	 2351663280	 -41,87	 -1,434	 		 		
	 2351663281	 -39,32	 -3,283	 		 		
	 2351663285	 -55,43	 0,4058	 		 		




































	 2351663287	 -38,66	 -7,866	 		 		
	 2351663288	 -25,54	 3,125	 		 		
	 2351663289	 -18,73	 0,5016	 		 		
	 2351663291	 -49,02	 -9,354	 		 		
	 2351663292	 -24,46	 -1,556	 		 		
	 2351663341	 -16,88	 6,037	 		 		
	 2351663342	 -25,61	 0,3128	 		 		
	 2351663343	 -6,146	 5,744	 		 		
	 2351663344	 -10,69	 3,458	 		 		
	 2351663345	 -38,92	 -1,07	 		 		
	 2351663348	 -32,28	 4,072	 		 		
	 2351663349	 -30,6	 2,449	 		 		
	 2351663350	 -8,828	 -5,803	 		 		
	 2351663368	 -63,61	 -1,31	 		 		
	 2351663369	 -29,34	 0,2424	 		 		
	 2351663370	 -16,36	 -14,18	 		 		
	 2351663371	 -9,555	 -1,093	 		 		
	 2351663372	 -24,59	 3,424	 		 		
	 2351663373	 -33,94	 -2,3	 		 		
	 2351663375	 -20,01	 -2,68	 		 		
	 2351663376	 -34,35	 0,6228	 		 		
	 2351663378	 -14,79	 1,733	 		 		
	 2351663379	 -17,89	 1,091	 		 		
	 2351663381	 -6,583	 -1,682	 		 		
	 2351663388	 -17,33	 -2,739	 		 		
	 2351663390	 -23,71	 -1,009	 		 		
	 2351663391	 -33,24	 -0,3974	 		 		
	 2351663393	 -28,86	 -5,535	 		 		
	 2351677024	 -74,09	 2,97	 		 		
	 2351677025	 75,6	 36,7	 		 		
	 2351677124	 31,39	 29,61	 		 		
	 2351677125	 -20,11	 32,61	 		 		
	 2351677126	 -2,254	 -6,219	 		 		
	
	























	 2351677128	 44,66	 23,81	 		 		
	 2351677148	 -44,62	 -2,247	 		 		
	 2351677149	 -41,39	 1,303	 		 		
	 2351677151	 -64,93	 3,32	 		 		
	 2351677152	 -52,35	 4,029	 		 		
	 2351677153	 -40,78	 3,89	 		 		
	 2351677271	 -58,4	 0,1916	 		 		
	 2351677274	 -74,57	 42,27	 		 		
	 2351677276	 -33,54	 -5,759	 		 		
	 2351677278	 -36,98	 -8,298	 		 		
	 2351677280	 22,03	 24,56	 		 		
	 2351677282	 46,05	 28,8	 		 		
	 2351677284	 -39,45	 -15,64	 		 		
	 2351677286	 -68,69	 -2,654	 		 		
	 2351677287	 74,23	 30,62	 		 		
	 2351677289	 -19,5	 -12,25	 		 		
	 2351677290	 37,68	 27,44	 		 		
	 2351677291	 44,83	 35,53	 		 		
	 2351677292	 -73,44	 19,76	 		 		
	 2351677293	 -47,19	 6,961	 		 		
	 2351677294	 75,65	 21,82	 30,43	 >40.0	
	 2351677295	 -67,26	 -6,597	 		 		
	 2351677296	 -37,78	 31,48	 		 		
	 2351677304	 -101,6	 30,4	 		 		
	 2351692808	 -65,82	 36,08	 		 		
	
	

















































Arginase	 is	 an	 enzyme	 placed	 in	 the	 intracellular	 space.	 Its	 role	 is	 to	 hydrolyse	 L-
arginine	to	ornithine	and	urea.	The	Arginase	isoenzymes	are	characteristic	of	mammals	
and	 their	 difference	 is	 related	 in	 their	 location:	 ARG1	 is	 cytoplasmic	 and	 RG2	 is	
mitochondrial.	The	major	activity	of	Arginase	is	at	the	level	of	immune	response.	When	
high	ARG1	 levels	are	detected,	 its	activity	 is	expressed	 in	both	M2	macrophages	and	
myeloid-derived	 suppressor	 cells	 (MDSC).	 The	 reason	 why	 Arginase	 is	 a	 target	 of	
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4-IL-17	Protein	Protein	Interaction:	immunology	and	inflammation	scope.	
	
IL-17A	 is	 an	proinflammatory	 cytokine	produced	by	activated	T	 cells	 (a	 subset	 called	






are	 able	 to	 recruit	 and	 activate	 neutrophils	 and	 memory	 T	 cells	 to	 maintain	 a	
proinflammatory	 state.	 In	 some	 cases,	 IL-17A	 produce	 pathogenic	 T	 cells	 which	 are	
responsible	 of	 pathogenesis	 and	 autoimmune	 diseases	 (psoriasis,	 psoriatic	 arthritis,	
rheumatoid	arthritis	and	anklyosing	spondylitis).	Efficient	treatment	for	patients	with	
plaques	psoriasis	is,	demonstrated,	the	employment	of	neutralizing	antibodies.	









	 2351663277	 62,34	 		
	 2351663279	 36,1	 		
	 2351663280	 3,144	 		
	 2351663281	 45,49	 		
	 2351663285	 4,259	 		
	 2351663286	 38,39	 		
	 2351663287	 15,15	 		
	 2351663288	 40,43	 		
	 2351663289	 28,46	 		
	 2351663291	 32,44	 		


















	 2351663341	 49,46	 		
	 2351663342	 24,26	 		
	 2351663343	 51,77	 		
	 2351663344	 15,96	 		
	 2351663345	 73,53	 37,95	
	 2351663348	 73,89	 40,37	
	 2351663349	 31,93	 		
	 2351663350	 67,28	 		
	 2351663368	 65,44	 		
	 2351663369	 74,04	 35,62	
	 2351663370	 69,49	 		
	 2351663371	 71	 55,93	
	 2351663372	 49,27	 		
	 2351663373	 11,2	 		
	 2351663375	 18,2	 		
	 2351663376	 50,78	 		
	 2351663378	 31,38	 		
	 2351663379	 48,96	 		
	 2351663381	 24,61	 		
	 2351663388	 39,19	 		
	 2351663390	 36,31	 		
	 2351663391	 49,55	 		
	 2351663393	 29,43	 		
	 2351677024	 47,33	 		
	 2351677025	 76,06	 45,77	
	 2351677124	 -17,63	 		
	 2351677125	 -1,197	 		
	 2351677126	 36,34	 		
	 2351677128	 34,17	 		
	 2351677148	 13,6	 		
	 2351677149	 22,2	 		
	 2351677151	 7,943	 		
	 2351677152	 23,07	 		
	 2351677153	 14,69	 		
	 2351677271	 67,03	 		
	
	





	 2351677274	 32,54	 		
	 2351677276	 -6,638	 		
	 2351677278	 -0,7617	 		
	 2351677280	 37,87	 		
	 2351677282	 16,32	 		
	 2351677284	 24,37	 		
	 2351677286	 0,9793	 		
	 2351677287	 26,44	 		
	 2351677289	 55,71	 		
	 2351677290	 46,35	 		
	 2351677291	 67,9	 		
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5-GPR120	Agonist:	endocrine	and	cardiovascular	scope.	
	
GPR120	 is	 a	 receptor	 for	 long-chain	 fatty	 acids,	 Omega-3	 included.	 Its	 expression	 is	
related	 in	 all	 the	 tissues	 affected	 by	 metabolic	 disease	 and	 diabetes,	 including	
pancreas,	adipose	tissue,	gastrointestinal	tract	and	the	pituitary	gland.	When	GPR120	




to	 act	 as	 GPR120	 agonists	 and	 so	 able	 to	 low	 glucose	 levels,	 improving	 insulin	
sensitivity	 and	 reduction	 the	 inflammation	 in	 obese	 people.	 For	 this	 reason,	 the	
activation	of	 this	 receptor	 is	 seen	as	a	new	 frontier	 in	 the	 treatment	of	 this	 class	of	
diseases.	
Lilly	 assay	 is	 made	 in	 HEK293	 cell-line	 that	 are	 human	 embryonic	 kidney.	 Calcium	
mobilization	 FLIPR	 test	 is	 able	 to	 determine	 concentration-depending	 changes	 of	




















































	 2351663277	 7,064	 		 		 		
	 2351663279	 0,3347	 		 		 		
	 2351663280	 0,7606	 		 		 		
	 2351663281	 0,3955	 		 		 		
	 2351663285	 0,9431	 		 		 		
	 2351663286	 -0,213	 		 		 		
	 2351663287	 0,3955	 		 		 		
	 2351663288	 1,917	 		 		 		
	 2351663289	 20,35	 		 		 		
	 2351663291	 2,221	 		 		 		
	 2351663292	 0,03042	 		 		 		
	 2351663341	 1,917	 		 		 		
	 2351663342	 0,3955	 		 		 		
	 2351663343	 1,1	 		 		 		
	 2351663344	 0,4563	 		 		 		
	 2351663345	 13,17	 		 		 		
	 2351663348	 14,21	 		 		 		
	 2351663349	 0,03042	 		 		 		
	 2351663350	 1,065	 		 		 		
	 2351663368	 0,6997	 		 		 		
	 2351663369	 28,81	 		 		 		
	 2351663370	 3,803	 		 		 		
	 2351663371	 0,4563	 		 		 		
	 2351663372	 4,837	 		 		 		
	 2351663373	 1,065	 		 		 		
	 2351663375	 7,758	 		 		 		
	 2351663376	 0,6389	 		 		 		
	 2351663378	 3,438	 		 		 		
	 2351663379	 0,9431	 		 		 		
	 2351663381	 1,917	 		 		 		
	 2351663388	 0,3955	 		 		 		
	 2351663390	 0,8823	 		 		 		
	
	























	 2351663391	 0,1521	 		 		 		
	 2351663393	 1,004	 		 		 		
	 2351677024	 3,653	 		 		 		
	 2351677025	 4,566	 		 		 		
	 2351677124	 -1,37	 		 		 		
	 2351677125	 -5,023	 		 		 		
	 2351677126	 7,763	 		 		 		
	 2351677128	 9,589	 		 		 		
	 2351677148	 10,5	 		 		 		
	 2351677149	 2,74	 		 		 		
	 2351677151	 3,653	 		 		 		
	 2351677152	 -2,74	 		 		 		
	 2351677153	 5,479	 		 		 		
	 2351677271	 3,196	 		 		 		
	 2351677274	 3,196	 		 		 		
	 2351677276	 10,5	 		 		 		
	 2351677278	 -3,653	 		 		 		
	 2351677280	 0	 		 		 		
	 2351677282	 -10,96	 		 		 		
	 2351677284	 5,936	 		 		 		
	 2351677286	 -3,196	 		 		 		
	 2351677287	 4,11	 		 		 		
	 2351677289	 -0,9132	 		 		 		
	 2351677290	 14,16	 		 		 		
	 2351677291	 0,4566	 		 		 		
	 2351677292	 -7,763	 		 		 		
	 2351677293	 1,826	 		 		 		
	 2351677294	 -1,826	 		 		 		
	 2351677295	 2,74	 		 		 		
	 2351677296	 10,96	 		 		 		
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6-Tuberculosis	 (TB):	 is	 an	 infectious	 disease	 caused	 by	Mycobacterium	 tuberculosis	
(MTB)	bacteria	and	generally	affects	the	lungs.	In	the	Lilly’s	screen	is	tested	the	ability	
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7-Leishmania:	Leishmania	parasite	is	the	responsible	of	the	so-called	kala-azar	disease.		
The	 global	 disease	 reported	 by	Neglected	 Tropical	 Diseases	 (NTDs)	 is	 always	 higher.	
The	World	Health	Organization	(WHO)	reports	that	half	a	billion	people	are	at	risk	of	
contracting	 Chagas	 disease,	 African	 trypanosomiasis	 and	 several	 different	 forms	 of	
lehismaniasis	(almost	20	million	persons	are	infected	and	every	year	a	number	around	
95	 thousands	 deaths	 are	 registered).	 Kinetoplastid	 therapies	 are	 far	 from	 being	
efficient	 and	 safe.	 In	 2012	 these	 three	 diseases	 have	 been	 included	 in	 the	 London	
Declaration	of	private	and	public	partners	 to	 focus	 the	attention	 in	10	NTDs,	as	new	
perspective	for	WHO.	
The	disease	 is	presented	with	 cutaneous,	mucocutaneous	or	 visceral	manifestations.	
The	 parasites	 are	 flagellated	 protozoans	 and	 are	 characterized	 by	 the	 presence	 of	 a	
DNA-containing	 region	 called	 kinetoplast	 in	 the	 mitochondrion	 (only	 one	 present).	
When	 hosted	 in	 a	 vehicle	 they	 undergo	 morphological	 changes	 during	 their	 all	 life	















































1,78	 		 		 		 		
	 235166327
9	
-18,9	 		 		 		 		
	 235166328
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-0,07	 		 		 		 		
	 235166328
5	
13,04	 		 		 		 		
	 235166328
6	
-7,76	 		 		 		 		
	 235166328
7	
-0,65	 		 		 		 		
	 235166328
8	
23,01	 		 		 		 		
	 235166328
9	














-5,86	 		 		 		 		
	 235166334
1	
12,62	 		 		 		 		
	 235166334
2	
-34,84	 		 		 		 		
	 235166334
3	
-23,89	 		 		 		 		
	 235166334
4	
10,71	 		 		 		 		
	 235166334
5	
0,88	 		 		 		 		
	 235166334
8	
-42,27	 		 		 		 		
	 235166334
9	
7,31	 		 		 		 		
	 235166335 -12,45	 		 		 		 		
	
	










































1,64	 		 		 		 		
	 235166336
9	
-0,04	 		 		 		 		
	 235166337
0	
-6,37	 		 		 		 		
	 235166337
1	
7,45	 		 		 		 		
	 235166337
2	
-10,65	 		 		 		 		
	 235166337
3	
-11,54	 		 		 		 		
	 235166337
5	
10,8	 		 		 		 		
	 235166337
6	
3,72	 		 		 		 		
	 235166337
8	
-5,2	 		 		 		 		
	 235166337
9	
12,84	 		 		 		 		
	 235166338
1	
-17	 		 		 		 		
	 235166338
8	
-12,63	 		 		 		 		
	 235166339
0	
-8,93	 		 		 		 		
	 235166339
1	
-4,91	 		 		 		 		
	 235166339
3	
5,42	 		 		 		 		
	
	









































-3,56	 		 		 		 		
	 235167702
5	
3,56	 		 		 		 		
	 235167712
4	
-4,87	 		 		 		 		
	 235167712
5	
-0,36	 		 		 		 		
	 235167712
6	
-0,26	 		 		 		 		
	 235167712
8	
-1,66	 		 		 		 		
	 235167714
8	
4,58	 		 		 		 		
	 235167714
9	
10,57	 		 		 		 		
	 235167715
1	
8,4	 		 		 		 		
	 235167715
2	
6,52	 		 		 		 		
	 235167715
3	
0,03	 		 		 		 		
	 235167727
1	
4,25	 		 		 		 		
	 235167727
4	
-23,18	 		 		 		 		
	 235167727
6	
-13,84	 		 		 		 		
	 235167727
8	
-4,38	 		 		 		 		
	 235167728 0,41	 		 		 		 		
	
	










































-3,5	 		 		 		 		
	 235167728
4	
-16,03	 		 		 		 		
	 235167728
6	
0,26	 		 		 		 		
	 235167728
7	
5,37	 		 		 		 		
	 235167728
9	
4,17	 		 		 		 		
	 235167729
0	
-17,67	 		 		 		 		
	 235167729
1	
2,82	 		 		 		 		
	 235167729
2	
-11,71	 		 		 		 		
	 235167729
3	
-34,98	 		 		 		 		
	 235167729
4	
5,77	 		 		 		 		
	 235167729
5	
-31,07	 		 		 		 		
	 235167729
6	
-6,36	 		 		 		 		
	 235167730
4	
2,21	 		 		 		 		
	 235169280
8	
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8-Chagas	Disease:	known	as	American	trypanosomiasis,	is	a	tropical	parasitic	disease.	
Spread	 by	 blood-sucking	 insects	 called	 Triatominae	 or	 kissing	 bug.	 Symptoms	 are	
different	 during	 the	 infection:	 at	 the	 begining	 no	 or	 mild	 symptoms	 as	 fever,	 are	
shown.	 At	 the	 stage	 of	 8-12	 weeks	 the	 chronic	 phase	 is	 detected.	 In	 the	 succesive	
cases	 two	 different	 behaviours	 can	 be	 presented:	 for	 the	 60-70%	 of	 the	 cases	 the	





















































		 		 		 		
	 2351663281	 6,79	 		 		 		 		
	 2351663285	 9,76	 		 		 		 		
	 2351663286	 3,88	 		 		 		 		











































































































		 		 		 		
	 2351663368	 -13,26	 		 		 		 		
	 2351663369	 -3,52	 		 		 		 		
	 2351663370	 -1,21	 		 		 		 		
	 2351663371	 0,22	 		 		 		 		
	 2351663372	 -24,26	 		 		 		 		
	 2351663373	 2,76	 		 		 		 		
	 2351663375	 -0,53	 		 		 		 		
	 2351663376	 8,92	 		 		 		 		
	 2351663378	 -6,79	 		 		 		 		
	 2351663379	 10,56	 		 		 		 		
	
	







































	 2351663381	 6,13	 		 		 		 		
	 2351663388	 -0,76	 		 		 		 		
	 2351663390	 18,67	 		 		 		 		
	 2351663391	 -1,75	 		 		 		 		




























































		 		 		 		
	
	

















































































































		 		 		 		
	
	




































































	 	 	 	 	 193		





The	 reactions	 between	 carbonyl	 compounds	 and	 diazo	 compounds	 have	 been	
extensively	 studied 132 	since	 the	 description	 of	 the	 Buchner-Curtius-Schlotterbeck	
reaction,133	almost	a	century	ago.		
This	type	of	reactivity	represents	an	efficient	synthetic	tool	 for	the	generation	of	C-C	
bond,	which	 have	 been	mostly	 employed	 for	 the	 construction	 of	 ketones	 or	 fro	 the	
extenxion	of	 carbon	chains.134	However,	 the	 controlled	 formation	of	aldehydes	using	
diazo	chemistry	does	not	represent	an	easy	task	due	to	the	high	coupling	reactivity	of	











132	 (a)	 Candeias,	 N.	R.;	 Paterna,	 R.;	 Gois,	 P.	M.	 P.	 Chem.	 Rev.,	 2016,	 116,	 2937;	 (b)	 Guttenberger,	 N.;	
Breinbauer,	R.	Tetrahedron,	2017,	73,	6815.	











produced by Pyrolysis 
of paraformaldehyde
5-10 mol% Sc(OTf)3






a) Kingsbury - 2013
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Based	 on	 the	 previous	 experience	 in	 the	 Ley	 group	 on	 the	 use	 of	 oxadiazolines	 as	
benchstable,	 nonstabilized	 diazo	 compound	 precursors	 under	 flow	 conditions,137	we	
set	 up	 to	 study	 the	 controlled	 homologation	 of	 diazo	 compounds	 generated	 from	
bench-stable	precursors	in	flow	to	form	aldehydes	and	their	derivatives.	
	
9.2.	 Synthesis	 of	 aliphatic	 aldehydes	 and	 their	 corresponding	 alcohols	 and	
benzimidazoles	derivatives	










(Table	 9.1).	 Formaldehyde	 surrogates	 trioxane	 and	 dioxolane,	 which	 are	 usually	
employed	as	formaldehyde	source,	gave	only	traces	of	desired	aldehyde	22a	although	
almost	 all	 the	 oxadiazoline	 starting	 material	 was	 converted	 into	 the	 diazo	 specie	
(entries	1	and	2).138	
The	use	of	a	stock	solution	of	monomeric	formaldehyde,	generated	via	thermolysis	of	
paraformaldehyde,139	gave	 a	 55%	 yield	 of	 the	 desired	 aldehyde	 (entry	 3)	 but	 the	
tendency	of	the	stock	solution	to	polymerize	without	warning	on	warming	above	-78	




































Entrya	 Fomaldehyde	source	 Ox./M	 tR/min	 T/°C	 Conv.	 Yield	
1	 Dioxolane	 0.1	 40	 20	 99%	 0%	
2	 Trioxane	 0.1	 40	 20	 96%	 2%	
3	 Thermolysed		
Paraformaldheyde	
0.1	 40	 20	 67%	 55%	
4	 37%	aq	 0.1	 40	 20	 78%	 48%	
5	 37%	aq	 0.1	 40	 10	 72%	 41%	
6	 37%	aq	 0.05	 40	 10	 80%	 39%	
7	 37%	aq	 0.1	 80	 20	 87%	 60%	
(50%)b	
8c	 37%	aq	 0.1	 80	 20	 86%	 58%	
9d	 37%	aq	 0.1	 80	 20	 87%	 56%	
10e	 37%	aq	 0.1	 80	 20	 78%	 41%	
11f	 37%	aq	 0.1	 80	 20	 79%	 12%	
aNMR	 yields	 calculated	 with	 1,3,5-trimethoxybenzene	 as	 an	 internal	 standard.	 bIsolated	 yield.	 c100	













In	order	 to	better	handle	 the	unstable	aldehydes,	we	explored	 two	methods	 to	 trap	
the	desired	products.	The	 first	one	was	 to	 reduce	 the	crude	mixture	 reaction	with	a	
solution	 of	 sodium	 borohydride	 (NaBH4)	 to	 convert	 the	 aldehyde	 into	 the	
corresponding	 alcohol.	 This	 strategy	 can	be	 also	 considered	 a	way	 to	 store	unstable	
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consisted	in	subjecting	the	crude	mixture	reaction	to	an	oxidative	condensation	with	o-
phenylenediamine,	based	on	a	modified	procedure	originally	reported	by	Jiao	et.	al.140		
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2-methyltetrahydrofuran.	 bAldehyde	 reduced	 directly	 with	 NaBH4	 (10	 equiv.,	 0.5	 M)	 in	 ethanol.	
cAldehyde	 reacted	with	o-phenylenediamine	 (1.5	 equiv.,	 0.075	M)	 in	 toluene.	 dNMR	 yield,	 calculated	
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In	general,	 yields	of	 compounds	23	 and	24	 are	better	 than	 the	 isolated	yields	of	22,	
reflecting	that	the	aldehyde	was	present	in	the	crude	mixture	reaction.	The	obtention	
of	benzimidazole	derivatives	 in	much	higher	 isolated	yields	represents	a	proof	of	 the	
robustness	 of	 the	 method	 and	 of	 the	 good	 production	 of	 the	 desired	 aliphatic	
aldehydes,	and	their	stability	problems	make	difficult	their	isolation.	Functional	groups	
as	 alkene,	 alkyne,	 nitrogen-based	 functional	 groups,	 Boc-protected	 amine	 and	 bulky	
substituents	were	well	tolerated.	For	compounds	22i	and	23i	isolated	yields	were	not	
determined	 due	 to	 their	 volatility,	 a	 common	 problem	 with	 these	 low	 molecular	
weight	 molecules.	 Even	 thought,	 the	 formation	 of	 2-cyclobutylbenzimidazole	 was	
possible	in	59%	yield	(24i)	as	a	proof	for	the	aldehyde	formation.	Generally,	α-methyl	
aldehydes	 displayed	 a	 tendency	 towards	 hydration	 or	 aerobic	 oxidation,	 resulting	 in	
low	 crude	 NMR	 yields	 and	 difficulty	 in	 their	 isolation	 their	 isolation,	 being	 this	
behaviour	known	for	similar	materials.		
Many	of	these	products	can	be	thought	of	as	branched	or	iso	aldehydes,	which	would	
be	 difficult	 to	 prepare	 through	 traditional	 methods	 such	 as	 hydroformylation,	
particularly	in	the	presence	of	an	alkene	or	alkyne	
We	can	conclude	that	have	developed	a	mild,	operationally	straightforward	procedure	















80	 min)	 through	 a	 Vapourtec	 UV-150	 photochemical	 reactor	 (10	 mL,	 FEP	 tubing)	 while	
irradiate	 by	 a	 310	 nm	UV	 lamp	 (output	 power:	 9W)	 held	 at	 20	 °C.	 The	 reactor	 output	 was	
monitored	using	a	Mettler	Toledo	FlowIR®	 instrument	 (SiComp	head,	bands	of	 interest:	C=O	
stretch	 signal	 at	 1750-1700	 cm-1	 for	 methyl	 acetate,	 generated	 by	 the	 decomposition	 of	
oxadiazoline).	Once	 the	FlowIR®	detector	 showed	 the	 signal	of	 the	 reaction	 slug,	 the	output	
stream	was	collected	in	a	sealed	sample	vial	containing	a	biphasic	solution	of	dichloromethane	
and	brine	with	 stirring	 to	 separate	 excess	 formaldehyde	 and	other	 potential	 impurities.	 The	
collected	material	was	rested,	and	the	organic	phase	was	separated	and	con-	centrated	under	





General	 procedure	 A	 was	 followed	 using	 5'-methoxy-5'-methyl-3,4-dihydro-








129.4(CArH),	 129.0(CArH),	 126.2(CArH),	 126.1(CArH),	 47.0	 (HCOCH),	 28.6	 (ArCH2CH2),	 28.2	
(ArCH2CH),	23.1	(Ca).	HRMS	(ESI)	calcd	for	C11H12ONa
+	[M+Na]+	183.0780,	 found	183.0775.	 IR	
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Tetrahydro-2H-pyran-4-carbaldehyde	(22b)	
	
General	 procedure	 A	 was	 followed	 using	 3-methoxy-3-methyl-4,8-dioxa-1,2-
diazaspiro[4.5]-	 dec-1-ene	 (74	mg,	 0.4	mmol,	 1.0	 equiv)	 and	 formaldehyde	 (0.3	
mL,	37	wt	%	in	H2O,	4	mmol,	10	equiv).	The	crude	mixture	was	purified	via	flash	
column	 chromatography	 (0−15%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	 titled	 product	 as	 a	
volatile	transparent	oil	(23	mg,	48%):	1H	NMR	(600	MHz,	CDCl3)	δ	9.68	(d,	J	=	1.0	Hz,	1H,	HCO),	










General	 procedure	 A	 was	 followed	 using	 3-methoxy-3-methyl-4-oxa-8-thia-1,2-
diazaspiro[4.5]dec-1-ene	 (81	mg,	0.4	mmol,	1.0	 	eq.)	and	 formaldehyde	(0.3	mL,	
37	wt%	in	H2O,	4	mmol,	10	eq.).		The	crude	mixture	was	purified	via	flash	column	



































General	 procedure	 A	 was	 followed	 using	 3-methoxy-3-methyl-4,9,12-trioxa-
1,2-diazadispiro[4.2.48.25]tetradec-1-ene	 (102	 mg,	 	0.4	 mmol,	 1.0	 eq.)	 and	














General	 procedure	 A	 was	 followed	 using	 tert-butyl	 3-meth-oxy-3-methyl-4-














General	 procedure	 A	 was	 followed	 using	 5′ -methoxy-5′ -methyl-5′H-
spiro[adamantane-2,2′-	 [1,3,4]oxadiazole]	 (94	 mg,	 0.4	 mmol,	 1.0	 equiv)	 and	
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titled	product	 as	 a	white	 solid	 (45	mg,	68%):	 1H	NMR	 (600	MHz,	CDCl3)	δ	 9.73	 (s,	 1H,	HCO),	
2.44−2.37	 (m,	3H,	HCOCH	+	HCOCHCH),	2.01−1.67	 (m,	12H,	CHb	+	CHc	+	CHd);	
13C	NMR	 (151	
MHz,	CDCl3)	δ	206.1	 (HCO),	56.7	 (HCOCH),	38.0	 (Cb),	37.2	 (Cd),	33.7	 (Cb′),	28.3	 (Ca),	28.0	 (Cc),	
27.6	(Cc′);	HRMS	(ESI)	calcd	for	C11H17O
+	[M	+	H]+	165.1274,	found	165.1271;	IR	max	(film)	ν:	





General	 procedure	 A	 was	 followed	 using	 2-methoxy-5-(2-(6-
methoxynaph-thalen-2-yl)ethyl)-2,5-dimethyl-2,5-dihydro-1,3,4-
oxadiazole	(126	mg,	0.4	mmol,	1.0	equiv)	and	formaldehyde	(0.3	mL,	
























The	reaction	slug	 from	general	procedure	A	was	directly	collected	 into	a	 round-bottom	flask	
containing	NaBH4	(10	equiv)	in	EtOH	(0.5	mmol/mL)	and	stirred	for	a	further	1	h.	The	resulting	
mixture	 was	 then	 quenched	 with	 ice−water,	 extracted	 with	 ethyl	 acetate	 (2	 ×	 20	 mL),	 and	
washed	with	brine	(2	×	20	mL).	The	organic	phase	was	combined,	dried	over	MgSO4,	filtered,	











(m,	 3H,	 ArCH2CH	 +	 ArCHa),	 2.52	 (dd,	 J	 =	 16.3,	 10.7	 Hz,	 1H,	 ArCHa′),	 2.06−1.95	 (m,	 2H,	
ArCH2CH2),	 1.55−	1.39	 (m,	 2H,	HOCH2CH	+	CH2OH);	
13C	NMR	 (151	MHz,	 CDCl3)	δ	 136.8	 (CAr),	
136.0	 (CAr),	 129.3	 (CArH),	 128.9	 (CArH),	 125.7	 (CArH),	 125.7	 (CArH),	 67.8	 (HOCH2),	 37.1	
(HOCH2CH),	32.5	(ArCH2),	28.8	(Ca),	26.0	(ArCH2CH2);	HRMS	(ESI)	calcd	for	C11H14ONa
+	[M	+	Na]+	









petroleum	ether)	 to	 give	 the	 titled	product	 as	 a	 transparent	oil	 (25	mg,	 53%):	 1H	NMR	 (600	
MHz,	 CDCl3)	 δ	 3.99	 (ddt,	 J	 =	 11.5,	 4.6,	 1.1	 Hz,	 2H,	 OCHa	 +	 OCHb),	 3.51	
(d,J=6.5Hz,2H,HOCH2),3.41(td,J=11.5,2.1Hz,2H,	OCHa′	+	OCHb′),	1.79−1.73	(m,	1H,	HOCH2CH),	















































1H,	HOCH2CH),	 2.12	 (dq,	 J	 =	 11.9,	 5.7	Hz,	 1H,	 CHCHa),	 1.85−1.71	 (m,	 2H,	OH	+	 CHCHa′);	
13C	
NMR	 (151	MHz,	CDCl3)	δ	 64.8	 (HOCH2),	46.7	 (HOCH2CH),	33.8	 (Cc),	33.4	 (Cd),	30.9	 (Ca);	 LRMS	







diazadispiro[4.2.48.25]tetradec-1-ene	 (102	 mg,	 0.4	 mmol,	 1.0	 equiv),	
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borohydride	 (152	mg,	4.0	mmol,	10	equiv).	 The	crude	mixture	was	purified	via	 flash	 column	














1,2,8-triazaspiro[4.5]dec-1-ene-8-carboxylate	 (57	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.16	 mL,	 37	 wt	 %	 in	 H2O,	 2.0	 mmol,	 10	 equiv),	 and	 sodium	















General	 procedure	 B	 was	 followed	 using	 5-methoxy-5-methyl-5 ′ H-
spiro[adamantane-2,2-[1,3,4]oxadiazole]	 (94	 mg,	 0.4	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.3	 mL,	 37	 wt	 %	 in	 H2O,	 4	 mmol,	 10	 equiv),	 and	 sodium	
borohydride	 (153	mg,	2.0	mmol,	10	equiv).	 The	crude	mixture	was	purified	via	 flash	 column	
chromatography	 (10	 −	 40%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	 titled	 product	 as	 a	



















General	 procedure	 B	 was	 followed	 using	 2-methoxy-5-(2-(6-
methoxynaph-thalen-2-yl)ethyl)-2,5-dimethyl-2,5-dihydro-1,3,4-
oxadiazole	 (98	mg,	 0.4	mmol,	 1.0	 equiv),	 formaldehyde	 (0.3	mL,	 37	
wt	%	in	H2O,	4	mmol,	10	equiv),	and	sodium	borohydride	(153	mg,	2.0	mmol,	10	equiv).	The	
crude	mixture	was	purified	 via	 flash	 column	chromatography	 (10	−	40%	EtOAc	 in	petroleum	
ether)	to	give	the	titled	product	as	a	yellow	oil	(73	mg,	75%):	1H	NMR	(600	MHz,	CDCl3)	δ	7.66	
(d,	J	=	8.4	Hz,	2H,	HAr),	7.55	(s,	1H,	HAr),	7.33	(dd,	J	=	8.3,	1.8	Hz,	1H,	HAr),	7.14−7.09	(m,	2H,	HAr),	
3.91	 (s,	 3H,	 OCH3),	 3.56	 (br	 s,	 1H,	 HOCHc),	 3.54−3.51	 (m,	 1H,	 HOCHc′),	 2.89−2.79	 (m,	 1H,	
ArCHa),	2.78−2.68	(m,	1H,	ArCHa′),	1.91−1.80	(m,	1H,	CHb),	1.76−1.66	(m,	1H,	CHb′),	1.61−1.50	
(m,	2H,	HOCH2CH	+	OH),	1.02	 (d,	 J	 =	6.7	Hz,	3H,	CHCH3);	
13C	NMR	 (151	MHz,	CDCl3)	δ	 157.3	
(CAr),	137.9	(CAr),	133.1	(CAr),	129.2	(CAr),	129.0	(CArH),	127.9	(CArH),	126.9	(CArH),	126.3	(CArH),	
118.6	 (CArH),	 105.6	 (CArH),	 68.2	 (Cc),	 55.3	 (OCH3),	 35.3	 (Ca),	 34.9	 (Cb),	 33.2	 (HOCH2CH),	 16.5	
(CHCH3);	HRMS	 (ESI)	 calcd	 for	C16H20O2





General	 procedure	 B	 was	 followed	 using	 3-(5-methoxy-2,5-dimethyl-2,5-
dihydro-1,3,4-oxadiazol-2-yl)-propan-1-ol	 (37	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.16	mL,	 37	wt	%	 in	 H2O,	 2.0	mmol,	 10	 equiv),	 and	 sodium	
borohydride	 (76	mg,	 2.0	mmol,	 10	 equiv).	 The	 crude	mixture	was	 purified	 via	 flash	 column	
chromatography	(2%	MeOH	in	dichloromethane)	to	give	the	titled	product	as	a	colorless	oil	(16	
mg,	66%):	 1H	NMR	(600	MHz,	CDCl3)	δ	3.60	 (t,	 J	=	6.1	Hz,	2H,	HOCH2CH2),	3.48−3.36	 (m,	2H,	
HOCH2CH),	 3.16	 (br	 s,	 2H,	 OH),	 1.66−1.56	 (m,	 2H,	 HOCH2CH2),	 1.54−1.45	 (m,	 2H,	
CH2CH2CHCH3),	 1.16−1.06	 (m,	 1H,	 CHCH3),	 0.88	 (d,	 J	 =	 6.7	Hz,	 3H,	 CH3);	
13C	NMR	 (151	MHz,	









ylmethyl)-2,5-dihydro-1,3,4-oxadiazole	 (88	 mg,	 0.4	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.3	 mL,	 37	 wt	 %	 in	 H2O,	 4	 mmol,	 10	 equiv),	 and	 sodium	





	 	 	 	 	 207		













General	 procedure	 B	 was	 followed	 using	 2-(furan-2-ylmethyl)-5-methoxy-2,5-
dimethyl-2,5-dihydro-1,3,4-oxadiazole	 (84	 mg,	 0.4	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.3	 mL,	 37	 wt	 %	 in	 H2O,	 4	 mmol,	 10	 equiv),	 and	 sodium	
borohydride	 (152	mg,	4.0	mmol,	10	equiv).	 The	crude	mixture	was	purified	via	 flash	 column	
chromatography	 (10	 −	 40%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	 titled	 product	 as	 a	






(Ca),	 31.5	 (HOCH2CH),	 16.5	 (CHCH3);	HRMS	 (ESI)	 calcd	 for	C8H11O2






General	 procedure	 B	 was	 followed	 using	 2-(but-3-en-1-yl)-5-methoxy-2,5-
dimethyl-2,5-dihydro-1,3,4-ox-adiazole	 (37	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.16	 mL,	 37	 wt	 %	 in	 H2O,	 2.0	 mmol,	 10	 equiv),	 and	 sodium	
borohydride	 (76	 mg,	 2.0	 mmol,	 10	 equiv).	 An	 88%	 NMR	 yield	 was	 calculated	 using	 1,3,5-





(m,	1H,	CH2=CHCHc′),	 1.70−1.60	 (m,	1H,	CH2CHdCHCH3),	 1.58−1.47	 (m,	1H,	CH2CHd′CHCH3),	
1.33	(br	s,	1H,	OH),	1.28−1.16	(m,	1H,	CHCH3),	0.93	(d,	J	=	6.7	Hz,	3H,	CH3);	
13C	NMR	(151	MHz,	
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16.6	 (CH3);	 LRMS	 (ESI,	m/z)	 113.5	 ([M	 +	 H]


















General	 procedure	 C	 was	 followed	 using	 5-methoxy-5-methyl-3,4-
dihydro-1H,5′H-spiro[naphthalene-2,2-[1,3,4]oxadiazole]	 (46	 mg,	 0.2	
mmol,	 1.0	 equiv),	 formaldehyde	 (0.15	mL,	 37	wt	%	 in	H2O,	 2	mmol,	 10	
equiv),	and	o-phenylenediamine	(32	mg,	0.3	mmol,	1.5	equiv).	The	crude	mixture	was	purified	
via	 flash	 column	 chromatography	 (10	 −	 40%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	 titled	
product	as	a	white	solid	(36	mg,	72%):	1H	NMR	(600	MHz,	CDCl3)	δ	9.06	(br	s,	1H,	NH),	7.76	(br	
s,	1H,	HAr),	7.40	(br	s,	1H,	HAr),	7.24	(d,	J	=	5.5	Hz,	2H,	HAr),	7.29−7.13	(m,	4H,	HAr),	3.41	(tdd,	J	=	





29.6	 (Ca);	 One	 aromatic	 carbon	 is	 not	 seen	 in	 the	














































2H,	 CHa	 +	 CHb);	
13C	NMR	 (151	MHz,	methanol-d4)	δ	 159.7	 (CAr),	 123.3	 (br,	 CArH),	 39.5	 (CCH),	
33.8	(Ca	+	Cb),	29.2	(Cc	+	Cd);	two	aromatic	carbons	are	not	seen	in	the	
13C	NMR	spectrum	due	
to	 peak	 broadening;	HRMS	 (ESI)	 calcd	 for	 C12H15N2S





General	 procedure	 C	 was	 followed	 using	 3-methoxy-3-methyl-4-oxa-7-thia-







2.36−2.26	 (m,	 1H,	 CCHCHb′);	
13C	 NMR	 (151	MHz,	methanol-d4)	 δ	 	 156.4	 (CAr),	 123.4	 (CArH),	
115.4	 (br,	 CArH),	 45.0	 (CCH),	 37.0	 (Cb),	 36.0	 (Ca),	 31.2	 (SCH2CH2);	 one	 aromatic	 carbon	 is	 not	
seen	in	the	13C{1H}	NMR	spectrum	due	to	peak	broadening;	HRMS	(ESI)	calcd	for	C11H13N2S
+	[M	










1,2-diazadispiro[4.2.48.25]tetradec-1-ene	 (51	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	(0.15	mL,	37	wt	%	in	H2O,	2	mmol,	10	equiv),	and	o-phenylenediamine	(32	mg,	
0.3	mmol,	1.5	equiv).	The	crude	mixture	was	purified	via	flash	column	chromatography	(10	−	
40%	EtOAc	 in	 petroleum	ether)	 to	 give	 the	 titled	 product	 as	 a	white	 solid	 (41	mg,	 80%):	 1H	
NMR	(600	MHz,	CDCl3)	δ	7.57−7.51	(m,	2H,	HAr),	7.20	(dd,	 J	=	6.1,	3.1	Hz,	2H,	HAr),	4.01−3.90	
(m,	 4H,	OCH2CH2O),	 3.02	 (tt,	 J	 =	 11.8,	 3.7	Hz,	 1H,	 CCH),	 2.21−2.13	 (m,	 2H,	 CHCHa	 +	 CHCHb),	
2.07−1.97	(m,	2H,	CHCHa′	+	CHCHb′),	1.90−1.83	(m,	2H,	CCHc	+	CCHd),	1.68	(td,	J	=	13.2,	4.3	Hz,	
2H,	 CCHc′	+	 CCHd′);	
13C	NMR	 (151	MHz,	 CDCl3)	δ	 157.9	 (CAr),	 122.4	 (CArH),	 114.8	 (br,	 CArH),	
108.1	(OCO),	64.5	(Ce),	64.4	(Cf),	37.3	(CCH),	34.4	(Cc	+	Cd),	29.2	(Ca	+	Cb);	one	aromatic	carbon	








4-oxa-1,2,8-triazaspiro[4.5]dec-1-ene-8-carboxylate	 (57	 mg,	 0.2	 mmol,	
1.0	equiv),	formaldehyde	(0.16	mL,	37	wt	%	in	H2O,	2.0	mmol,	10	equiv),	







(CAr),	154.9	 (NCOOC(CH3)3),	143.2	 (br,	CAr),	122.5	 (br,	CArH),	119.1	 (br,	CArH),	110.7	 (br,	CArH),	
80.0	(C(CH3)3),	44.1	(br,	Cc	+	Cd),	37.1	(CCH),	30.9	(br,	Ca	+	Cb),	28.6	(C(CH3)3);	HRMS	(ESI)	calcd	
for	C17H24O2N3





General	 procedure	 C	 was	 followed	 using	 3-methoxy-3-methyl-8-
(pyrimidin-2-yl)-4-oxa-1,2,8-triazaspiro[4.5]dec-1-ene	 (55	 mg,	 0.2	
mmol,	1.0	equiv),	formaldehyde	(0.16	mL,	37	wt	%	in	H2O,	2.0	mmol,	
10	 equiv),	 and	 o-phenylenediamine	 (32	 mg,	 0.3	 mmol,	 1.5	 equiv).	 The	 crude	 mixture	 was	
purified	 via	 flash	 column	 chromatography	 (10	 −	 40%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	
titled	product	as	a	white	solid	(40	mg,	72%):	1H	NMR	(600	MHz,	CDCl3)	δ	9.75	(br	s,	1H,	NH),	
8.30	(d,	J	=	4.6	Hz,	2H,	Hpyrimidine),	7.54	(br	s,	2H,	HAr),	7.22	(dd,	J	=	5.9,	3.1	Hz,	2H,	HAr),	6.47	(t,	J	
=	4.6	Hz,	1H,	Hpyrimidine),	 4.86	 (d,	 J	=	13.5	Hz,	2H,	NCHc	+	NCHd),	3.22	 (tt,	 J	 =	11.8,	3.7	Hz,	1H,	
CCH),	3.10−2.99	(m,	2H,	NCHc′	+	NCHd′),	2.19	(d,	J	=	11.3	Hz,	2H,	CHa	+	CHb),	1.92	(qd,	J	=	12.4,	
3.9	 Hz,	 2H,	 CHa′	 +	 CHb′);	
13C	 NMR	 (151	MHz,	 CDCl3)	 δ	 161.7	 (Cpyrimidine),	 157.9	 (CpyrimidineH),	
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157.2	 (CAr),	 122.6	 (br,	CArH),	 110.0	 (CpyrimidineH),	 43.9	 (Cc	 +	Cd),	 37.3	 (CCH),	 30.7	 (Ca	+	Cb);	 two	








General	 procedure	 C	 was	 followed	 using	 5-methoxy-5-methyl-5′ H-
spiro[adamantane-2,2-[1,3,4]oxadiazole]	 (47	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.15	 mL,	 37	 wt	 %	 in	 H2O,	 2	 mmol,	 10	 equiv),	 and	 o-
phenylenediamine	 (32	 mg,	 0.3	 mmol,	 1.5	 equiv).	 The	 crude	 mixture	 was	 purified	 via	 flash	
column	chromatography	(10	−	40%	EtOAc	 in	petroleum	ether)	to	give	the	titled	product	as	a	
dark	yellow	solid	(40	mg,	79%):	1H	NMR	(600	MHz,	CDCl3)	δ	7.57	(br	s,	2H,	HAr),	7.21	(dd,	J	=	












General	 procedure	 C	 was	 followed	 using	 7-methoxy-7-methyl-8-oxa-5,6-
diazaspiro[3.4]oct-5-ene	 (31	 mg,	 0.2	 mmol,	 1.0	 equiv),	 formaldehyde	 (0.16	
mL,	37	wt	%	in	H2O,	2.0	mmol,	10	equiv),	and	o-phenylenediamine	(32	mg,	0.3	
mmol,	1.5	equiv).	The	crude	mixture	was	purified	via	flash	column	chromatography	(10	−	40%	












General	 procedure	 C	 was	 followed	 using	 2-methoxy-2,5-dimethyl-5-
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o-phenylenediamine	 (32	mg,	 0.3	mmol,	 1.5	 equiv).	 The	 crude	mixture	was	 purified	 via	 flash	
column	chromatography	(10	−	100%	EtOAc	in	petroleum	ether)	to	give	the	titled	product	as	a	
yellow	solid	(23	mg,	48%):	1H	NMR	(600	MHz,	CDCl3)	δ	10.14	(br	s,	1H,	NH),	8.40−8.36	(m,	2H,	
HPyridine),	7.73	 (br	 s,	1H,	HAr),	7.34	 (br	 s,	1H,	HAr),	7.23	 (s,	2H,	HAr),	7.00−6.98	 (m,	2H,	HPyridine),	
3.35	(p,	J	=	7.0	Hz,	1H,	CCH),	3.28	(dd,	J	=	13.4,	7.5	Hz,	1H,	CHCHa),	3.00	(dd,	J	=	13.4,	6.8	Hz,	
1H,	 CHCHa′),	 1.47	 (d,	 J	 =	 6.9	 Hz,	 3H,	 CH3);	
13C	 NMR	 (151	MHz,	 CDCl3)	 δ	 157.3	 (CAr),	 149.5	
(CPyridineH),	 148.8	 (CPyridine),	 143.1	 (br,	 CAr),	 124.5	 (CPyridineH),	 122.3	 (br,	 CArH),	 110.5	 (br,	 CArH),	
41.8	 (Ca),	 35.9	 (CCH),	 19.4	 (CH3).	 HRMS	 (ESI)	 calcd	 for	 C15H16N3







2,5-dimethyl-2,5-dihydro-1,3,4-oxadiazole	 (42	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.15	 mL,	 37	 wt	 %	 in	 H2O,	 2	 mmol,	 10	 equiv),	 and	 o-
phenylenediamine	 (32	 mg,	 0.3	 mmol,	 1.5	 equiv).	 The	 crude	 mixture	 was	 purified	 via	 flash	
column	chromatography	(10	−	40%	EtOAc	 in	petroleum	ether)	to	give	the	titled	product	as	a	








HRMS	 (ESI+):	m/z	 calcd	 for	 C14H15N2O





General	 procedure	 C	 was	 followed	 using	 2-(but-3-en-1-yl)-5-methoxy-2,5-
dimethyl-2,5-dihydro-1,3,4-oxadiazole	 (37	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.16	 mL,	 37	 wt	 %	 in	 H2O,	 2.0	 mmol,	 10	 equiv)	 and	 o-	
phenylenediamine	 (32	 mg,	 0.3	 mmol,	 1.5	 equiv).	 The	 crude	 mixture	 was	 purified	 via	 flash	
column	chromatography	(10	−	40%	EtOAc	 in	petroleum	ether)	to	give	the	titled	product	as	a	
white	solid	(29	mg,	73%).	1H	NMR	(600	MHz,	CDCl3)	δ	10.18	(br	s,	1H,	NH),	7.55	(br	s,	2H,	HAr),	




13C	 NMR	 (151	 MHz,	 CDCl3)	 δ	 159.3	 (CAr),	 137.9	 (CH2=CH),	 122.3	 (CArH),	 115.3	
(CH2CH),	 35.6	 (Cc),	 34.2	 (CCH),	 31.6	 (CH2=CHCH2),	 19.8	 (CH3);	 two	 aromatic	 carbons	 are	 not	
seen	 in	 the	 13C	 NMR	 spectrum;	 HRMS	 (ESI)	 calcd	 for	 C13H17N2










methoxy-2,5-dimethyl-2,5-dihydro-1,3,4-oxadiazole	 (45	mg,	 0.2	mmol,	 1.0	
equiv),	formaldehyde	(0.16	mL,	37	wt	%	in	H2O,	2.0	mmol,	10	equiv),	and	o-
phenylenediamine	 (32	mg,	 0.3	mmol,	 1.5	 equiv).	 The	 crude	mixture	 was	
purified	 via	 flash	 column	 chromatography	 (10	 −	 40%	 EtOAc	 in	 petroleum	 ether)	 to	 give	 the	
titled	product	as	a	white	solid	(19	mg,	39%):	1H	NMR	(600	MHz,	CDCl3)	δ	9.68	(br	s,	1H,	NH),	
7.71	 (br	 s,	1H,	HAr),	7.38	 (br	 s,	1H,	HAr),	7.21	 (dd,	 J	=	6.2,	2.9	Hz,	2H,	HAr),	3.29−3.21	 (m,	1H,	













General	 procedure	 C	 was	 followed	 using	 2-cyclopropyl-5-methoxy-2,5-
dimethyl-2,5-dihydro-1,3,4-oxadiazole	 (34	 mg,	 0.2	 mmol,	 1.0	 equiv),	
formaldehyde	 (0.16	 mL,	 37	 wt	 %	 in	 H2O,	 2.0	 mmol,	 10	 equiv),	 and	 o-	
phenylenediamine	 (32	 mg,	 0.3	 mmol,	 1.5	 equiv).	 The	 crude	 mixture	 was	 purified	 via	 flash	























is	 suitable	 to	 construct	 DOS	 libraries	 using	 pyrrole,	 a	 well-known	 privileged	
structure,	 as	 the	 central	 core	 on	 which	 to	 generate	 molecular	 diversity	 and	
complexity.	
	
2. A	 mechanochemical	 multicomponent	 pyrrole	 synthesis	 related	 to	 the	 Hantzsch	
reaction	is	suitable	for	the	preparation	of	pyrrole	derivatives	bearing	at	their	N-1,	C-
2	 and	 C-5	 positions	 functional	 groups	 allowing	 suitable	 complexity-generating	






3. Some	 transition	metal-catalyzed	 reactions	 were	 suitable	 to	 generate	 rings	 at	 the	
pair	 stage	 of	 our	 strategy,	 giving	 rise	 to	 pyrrolo[1,2-c]quinazoline,	 pyrrolo[2,1-
a]isoquinoline	and	benzo[c]pyrrolo[1,2-a]azepine	 frameworks	by	application	of	 an	
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4.	 Pyrrolo[2,1-a]isoindole	 and	 pyrrolo[2,1-a]isoquinoline	 frameworks	 are	 readily	





5.	 The	 generation	of	 intermediate	oxonium	 species	 from	acetals	via	 their	 treatment	
with	 Brønsted	 or	 Lewis	 acids	 is	 a	 good	 strategy	 to	 generate	 fused	 pyrroles	 by	





6.	 Ring-closing	 metathesis	 reactions,	 using	 as	 starting	 materials	 symmetrical	 bis-
pyrrole	 derivatives	 bearing	 homoallyl	 chains	 or	 1-allyl-2-allylaminoethylpyrroles	
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7.		Structurally	 unusual	 pyrrole-related	 macrocycles,	 including	 cyclophane	 structural	





8.		The	 DOS	 libraries	 synthesized	 by	 the	 above	 methods	 were	 assayed	 using	 high-
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2-(adamantan-2-yl)-1H-benzimidazole	(24h)	
1H	NMR	(250	MHz,	CDCl3)		
	
13C	NMR	(63	MHz,	CDCl3)	
	
	
	
